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PREFACE. 


THIS little book is an edition of Colebrooke’s 
translation of the Lilavati, a standard work on 
Hindu mathematics, written by Bháskarácháryya, 
a celebrated mathematician and astronomer who 
lived in the twelfth century of the Christian era. 
The work forms the first part of a larger work of 
the author called the Siddhdnta-siromani. This 
part is called by the author, Pdtiganita or Arith- 
metic ; but this name has not been properly given. 
For, the work, besides dealing with subjects which 
lie within the province of Arithmetic, also treats 
of subjects which properly belong to Algebra and 
Geometry. It comprises the four simple 
rules, extraction of the square root and the cube 
root, vulgar fractions, Rule of Three, interest, 
alligation, problems producing simple and 
quadratic equations, arithmetcial and geome- 
trical progressions, permutations and combi- 
nations, indeterminate equations of the first degree, 
several properties of triangles and quadrilaterals, 
areas of circles, volumes of spheres, cones and pyra- 
mids, solid content of excavations, and several 


This date is ascertained from the fact that Bhaskara himself informs 
us in a passage of his Siddhinta-siromani, that he was born in the year 
036 of the Saka era, and that he completed his great work whon he,was 
36 years old, This gives ]]50 A.D., as the date of the completion of the 
Siddhanta-siromani. See the Golddhyaya of tho Siddhdnta-siromani, 
Wilkinson’s translation, XIII, 58. 
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other matters. Some of the problems solved evince 
a great deal of progress in algebraical investiga- 
tions. The author does not state the reasons for 
the various rules given by him. I have tried to 
supply the reasons as simply and shortly as they 
occurred to me ; but still in some cases neater and 
shorter demonstrations may possibly be given. 
The explanations given have been printed in small 
type and enclosed within square brackets. It is 
thus hoped that the present edition will prove use- 
ful and interesting not only to the scholar and the 
antiquarian, but also to the student of modern 
algebra. 


In his foot-notes, Colebrooke has given transla- 
tions of extracts from the leading commentaries on 
the Lilivati. These are छ The commentary of 
Gangadhara, written about ॥420 A.D.: (2) that of 
Stryadasa, called Ganitamrita, written in 538 A.D., 
containing a clear interpretation of the text, with 
concise explanations of the rules: (3) that of 
Ganesa. called Buddhivilasini, the best of all the 
commentaries, written in I545 A.D., comprising a 
copious exposition of the text, with demonstrations 
of the rules: (4) the gloss of Ranganatha on the 
Vdsand, Bhaskara’s demonstratory annotations of 
the Siddhanta-siromani?, written towards the begin- 
ning of the seventeenth century A.D.: (5) the 
Manoranjana, written by Rma Krishna Deva, of un- 
certain date : and (6) the Ganitakaumudi, which 
has not been recovered, but is known from the 
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quotations cited from it by Súryadása and Ranga- 
nátha. Some 0 the translated extracts contain 
expositions of the rules and of technical terms, and 
some contain demonstrations of the rules in a few 
cases. Of these demonstrations which are given 
chiefly by Ganesa aud Súryadása, those which are 
satisfactory and instructive, have been retained in 
the present edition ; whilst others which are obscure 
and unsatisfactory, have been omitted. For conve- 
nience of reference, the Lildvati in Sanskrit is prin- 
ted at the end, with divisions into chapters and 
sections corresponding to those made in the tran- 
slation. No such divisions were made by Bhaskara. 


NARIKELDANGA, CALCUTTA, } 
December, 4692. 


MOD Ta SECOND EDITION., 


IN this cdition, the book has been carefully 
revised and a few slight additions aud alterations 
have been made in the notes. 


NARIKELDANGA, CALCUTTA, C 
H. C. B, 
November, I927. 
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LÍLA VATI. 


CHAPTER I. 
INTRODUCTION. 


]. Having bowed to the deity, whose head is 
like an elephant’s'; whose feetare adored by gods ; 
who, when called to mind, relieves his votaries 
from embarrassment ; and bestows happiness on his 
worshippers ; I propound this easy process of com- 
putation,’ delightful by its elegance,’ perspicuous 
with words concise, soft and correct, and pleasing 
to the learned. 


DEFINITIONS OF TECHNICAL TERMS, 
(Money by tale. / 


2. Twice ten cowry shells‘ are a kdkini ; four 
of these are a pana ; sixteen of which must be here 
considered as a dramma; and in like manner, a 
nishka, as consisting of sixteen of these. 


2 Ganesa, roprosented with an elephant’s head and human body. 
2 Patiganita ; pati, paripati, or vyaktaganita, arithmetic, 
३ Iilavati, delightful : an allusion to the title of the book, Seo notus 


on §§ 3 and 277. 
+ Cypræa moneta. Sans., Vurataha, kapurde, Hindi, Kauri, 


[ | 
( Weights.) 


3. A gunja’ (or seed of Abrus) is reckoned 
equal to two barley-corns; a valla, to three gunjas ; 
and eight of these area dharana ; two of which 
make a gadydnaka. In like maner one dhaiaka is 
composed of fourteen vallas. 


4. Half ten gunjas are called a mdsha, by such 
as are conversant with the use of the balance; 8 
karsha contains sixteen of what are termed mdshas ; 
a pala, four karshas. A karsha of gold is named 
suvarna. 


(Measures.) 


5—6. Hight breadths of a barley-corn’ are here 
a finger; four times six fingers, a cubit’; four cubits, 
a staff! ; and a krosa contains two thousand ofthese; 
and a yojana, four krosas. 


Soa bambu pole consists of ten cubits ; and a 
field (or plane figure) bounded by four sides, 
measuring twenty bambu poles, is a névartana.® 


१ A seed of Abrus precatorius, black or red ; the one called Arishnala, 
tho other raktika, ratti, or rattika. 


3 Eight barley-corus (yasa) by breadth, or three grains of rice by length 
are equal to one finger (angula).—Gan. 


१ According to Ganesa, the cubit (kasta) means the practical cubit 
employed by artisans and called gay. It islonger than the ordinary cubit 
of ]8 inches. 

+ Danda, a staff : directed to be cut nearly of man’s height. (Manu, II. 
46.) 

४ A superficial measure containing 400 square poles.—Sur. 


[3] 


7. A cube,’ which in length, breadth and thick- 
ness measures a cubit, is termed a solid cubit : and, 
m the meting of corn and the like, a measure, which 
contains a solid cubit, is a khdri of Magadha? as it 
is denominated. in science. 


8. A drona is the sixteenth part of a khdri; an 
ddhaka is a quarter of a dorna; a prastha is a 
fourth part of an ddhaka ; and a kudaba is by the 
ancients termed a quarter of a prastha.’ 

The rest of the axioms, relative to time‘ and so 
forth, are familiarly known. 


5 ® 
४ Dwadasasra, lit. dodecagon, but meaning a parallelopiped : the term 
asra, corner or anglo, beiug here applied to the edge or line of incidence 
of two planes. 


*The couutry situated on the Sonebhadra river—Gan. It is South 
Behar. 


3 Another stanza occurs here in one copy of the text, It is explained 
in the Manoranjana, and by Gangadhara, but not by Ganesa and Suryadasa. 
It is therefore to ba rejected as spurious and interpolated. It is as 
follows ‘—““The sera is here reckoned at twice seven tankas, oach equal 
to three-fourths of a gadyanaka : and a mana, at forty seras. The name 
is in use among the Turushkas, for a weight of corn and like articles,” 
See notes on §§ 97 and 233. 

4The author has himself explained the measures of time in his 
Siddhantasiromant. [See the Goladhyaya, Wilkinson's translation, 
IV. 5--2.--5१.] 


CHAPTER II. 


SECTION |. 
INVOCATION.” 

9. Salutation to Ganesa, resplendent as a blue 
and spotless lotus ; and delighting in the tremulous 
motion of the dark serpent, which is perpetually 
twining within his throat. 

NUMERATION. 

i0—li. Names ofthe places of figures have 
been assigned for practical use by ancient writers,’ 
increasing regularly’ in decuple proportion : namely, 
unit, ten, hundred, thousand, myriad, hundred 
thousands, million, ten millions, hundred millions, 


thousand millions, ten thousand millions, hundred 
thousand millions, billon, ten billions, hundred 


१ A reason of this second introductory stanza is, that the foregoing 
definitions of terms are not properly a part of tho treatise itself ; none 
such having been premised by Arya Bhatta and other ancient authors in 
their treatises on arithmotic.—Gan. and Mano. 


2 According to the Hindug numeration is of divine origin ; the 
invention of nino figures (anka), with the device of places to make them 
suffice for all numbers, being ascribed to the beneficent Creator of the 
Universe, in Bhaskara’s Vasana and its gloss; and in Krishna’s 
Commentary on the Vtaganita. Hero nine figures are specified ; the 
place, when ‘none belongs to it, being shown by a blank (sunya), which, 
to obviate mistake, is denoted by a dot or small circle, 


° From tho right, whore the first and lowest number is placed, towards 
the left hand —Gan. 


[SOE | 


billions, thousand billions, ten thousand billions, 
hundred thousand billions.’ 


SECTION II. 
EIGHT OPERATIONS’ OF ARITHMETIC. 

I2. Rule of addition and subtraction’ : half a 
stanza. 

The sum of the figures according to their places 
is to be taken in. the direct or inverse order‘: or 
(in the case of subtraction) their difference. 

(The rule as exemplified in the Junoranjana is more 
cumbrous than the ordinary rule.] 

I8. Example. Dear intelligent Lilavati, if thou 
be skilled in addition and subtraction, tell me the 
sum of two, five, thirty-two, a hundred and ninety- 


+ Sans, eka, dasa, satu, sahasra, ayutu, laksha, prayuta, koti, arbuda, 
adja or pudma, kharva, nikharva, mahapudma, sunku, jaladhi or samudra, 
antya, madhya, parurdha, 


A passage of the Veda, which is cited by Suryadasa, contains the 
places. of figures :- 30 those the milch kine before me, one, ten, a 
hundred, a thousand, ten thousand, a hundred thousand, a million, . . . . 
Be these milch kine my guides in this world.” 


३ Parikarmashtaka, eight operations, or medes of process ; logistics or 
algorism. 

३ Sankalana, sankalita, misrana, yuti, yoga, &c., summation, addition, 
Vyavakalana, vyavakalita, sodhana, patana, dc, subtraction. Antara, 
difference, remainder. 

«From the first on the right, towards tho left ; or from the last on 
the left, towards tho right —Gang. 

5 Seemingly the namo of a female to whom instruction is addressed, 
But the term is interpreted in some of the commentaries, consistently 
with its etymology, ‘charming.’ =—See §§ ] and 277, 


[७] 
three, eighteen, ten and a hundred, added together; 


and the remainder, when their sum is subtracted 
from ten thousand. 

Statement : 2, 5, 32,93, 48, ।0, 00. 

Result of the addition! : 360. 

Statement for subtraction : L0009, 360. 

Result of the subtraction : 9640. 

१4-8७. Rule of multiplication’ : two and a halt 
stanzas. 

Multiply the last’ figure of the multiplicand by 
the multiplicator, and next the penult, and then the 
rest, by the same repeated. Or let the multiplicand 
be repeated under the several parts of the multipli- 
cator, and be multiplied by those parts : and the 
products be added together. Or the multiplier be- 
ing divided by any number which is an aliquot part 
of it, let the multiplicand be multiplied by that num- 
ber, and then by the quotient, the result is the pro- 
duct. These are two methods of subdivision by form. 
Or multiply separately by the places of figures, and 
add the products together. Or multiply by the mul- 


3 Mode of working addition as shown in the Manoranjana : 


Sum of the units, 2,5,2,3,8,0,0, T 2 0 
Sum of the tens, 3,9,,,0, tee ००५ 244. 
Sum of the hundreds, . ।,0,0)।, tee ~er w 2 

Sum of the sums re aoe te ० 3 6 0 


3 Gunona, abhyasa ; also hanana and any term implying a tendency to 
destroy. It is denominated pratyutpanna by Brahmagupta aud by Sridhara. 
Gunya, multiplicand. Ganaka, multiplicator, Ghata, product. 

3 The digit standing last towards the left, 
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tiplicator diminished or increased by a quantity 
arbitrarily assumed ; adding or subtracting the pro- 
duct of the multiplicand taken into the assumed 
quantity. 

[The author gives here six methods. The first method 
is the ordinary one, and includes the tafstha of the older 
authors, which is worked by repeating or moving the mul- 
tiplier over or under every digit of the multiplicand, and 
which, according to Ganesa’s explanation, proceeds obli- 
quely, joining products along compartments. The second 
is tedious, following from the formula, a(é+c)=aéb+ace. 
The third is multiplication by factors. The fourth is 
practically the same as the first, and the fifth the same 
as the second, The sixth follows from the formula 68-४८) 

=ab—ac.]} 

I6. Example. Beautiful and dear Lilavati, whose 
eyes are like a fawn’s! tell me numbers resulting 
from one hundred and thirty-five, taken into twelve, 
if thou be skilled in multiplication by whole or by 
parts, whether by subdivision of form or separa- 
tion of digits." Tell me, auspicious woman, the 

२ The adjoined seheme of the process of multiplication is exhibited in 
Ganesa’s commentary. 


ZZ 


2 


According to the ¢atstha method, the process will stand thus :— 


]2 ]9 72 or I35 I85 

JI 3 5 I 2 

I 60 270 
36 I35 


I620 ]620 


| 0 J 
quotient of the product divided by the same mul- 
tipiler. 

Statement: Multiplicand I35. Multiplicator I2. 

Product (multiplying the digits of the multipli- 
cand successively by the multiplicator) I620. 

Or, subdividing the multiplicator into parts, as 
8 and 4; and severally multiplying the multiplicand 
by them; adding the products together, the result 
is the same 620. 

Or, the multiplicator I2 being divided by 3, the 
quotient is 4; by which, and by 3, successively 
multiplying the multiplicand, the last product is the 
same, I620. 

Or, taking the digits as parts viz., | and 2; the 
multiplicand being multiplied by them severally, 
and the products added together, accordiug to the 
places of figures, the result is the same ]620. 


Or, the multiplicand being multiplied by the 
multiplicator less 2, viz., ॥0, and added to twice 
the multiplicand, the result is the same, 620. 


Or, the multiplicand being multiplied by the 
multiplicator increased by 8, viz., 20, and eight 
times the multiplicand being subtracted, the result 
is the same, 620.. 

[7. Rule of division’: one stanza. That num- 
ber, by which the divisor being multiplied balances 


१ Bhaga-hara, bhajana, harana, chhedana, division. Bhajya, dividend. 
Bhojaka, hara, divisor. Zabdhi, quotient. 


mam 


the last digit of the dividend (and so on®, is the 
quotient in division: or, practicable, first abridge’ 
both the divisor and the dividend by an equal num- 
ber, and proceed to division. 


Example. Statement of the number produced 
by multiplication in the foregoing example, and of 
its multiplicator, for a dividend, ।620, and a divisor, 
ie, 


Quotient I85 the Same with the original multi- 
? (>) 
plicand’. 


Or both the dividend and the divisor, being reduced 
to least terms by the common measure 3, are 540 
and 4; or by the common measure 4, they become 
405 and 3. Dividing by the respective reduced 
divisors, the quotient is the same, 85. 

(The first part of the rule is vague and incomplete, 
although it is practically the same as the ordinary rule, 
as will be evident from the foot-note 3, 9. 9. The second 
part follows from the identity ab ~+ ae=b+e.] 


! Repeating the divisor for every digit, like the multiplier in mul- 
tiplication —Gang. 


3 Apavartya, abridging. Seo note on § 249, 


३ The process of long division is exhibited in the Manoranjana, thus : 
The highest places of the proposed dividend, 46, being divided by I2, the 
quotient is I ; and 4 over. Then 42 becomes tho highest remaining number, 
which divided by ३२ gives the quotient 3, to be placed in a line with the. 
preceding quotiont l: thus I3. Romainder 60, which divided by 329 gives 
5: and this being carried to the same line as before, the entire quotient is 
exhibited: viz., 35. 

2 


{ i0 ] 


8--प9. Rule for the square! of a quantity : two 
stanzas. 

The multiplication of two like numbers together 
is the square. The square of the last’ digit is to be 
placed over it; and the rest of the digits, dou- 
bled and multiplied by that last, to be placed above 
them respectively ; then repeating the number, ex- 
cept the last digit again (perform the like operation). 
Or twice the product of two parts, added to the sum 
of the squares of the parts, is the square (of the whole 
number.) Or the product of the sum and differ- 
ence of the number and an assumed quantity, added 
to the square of the assumed quantity, is the square.’ 

(“The square of the last digit &c” The translation 
here is slightly incorrect, It should run thus :—“The 
square of the last digit, and the rest of the digits doubled 
and multiplied by that last, are to be placed one above 
the other (regard being had to the local values) ; then 
repeating, &९.” It will then appear that the first two 
methods are really the same, and are based on the 
formula, (at+b6+¢)4 =a? + 29(b+¢) +b? + 2he+c?,. The 


२ Varga, kriti, a square number, 

¿The process may begin with tho first digit, as intimated by the author 
in § 24, 

‘The proposed quantity may be divided into three parts, instead of two; 
and the preducts of tho first and secend, firstand third, and second and 
third, being added together and deubled, and added to the sum of the 
squares ef the parts, the total is the square sought. —Gan. 


*Another method is hinted in the author’s note on this passage; consist- 
ing in adding together the product of the proposed quantity by any assumed 
ono, and its product by tho propesed less the assumed one.—Rang. [This 
follows from the identity, ab+a (a=b) =a°.—Ed.] 


हत | 


working ofthe first method is this :—Suppose we have to 
find the square of 297. 


Then 
72 = 49 or, 2 4 
7x2x29 = 406 2x2x97 = 388 
9? = छ) 92 = छी 
OL = ढोणे 2x = I 
2e = 4 7? = 49 
(297)? = 88209 ; 3297)? = 88209 


The ciphers are omitted for simplicity. The third 
method follows from the identity, (a+b) (a—b)+b? =a?, a 
being the proposed and 0, the assumed quantity. ] 

20. Example. Tell me dear woman, the 
squares of nine, of fourteen, of three hundred less 
three, and of ten thousand and five, # thou know 
the method of computing the square. 

Statement : 9, I4, 297, ॥()005. 

Proceeding as directed, the squares are found : 
84, 96, 88209, I00I00025. Or, put 4 and 5, parts of 9. 
Their product doubled 40, added to the sum of their 
squares 44, makes SI. So, taking IO and 4, parts of 
I4, their product 40, being doubled, is 80 ; which, 
added to 4i6, the sum of the squares 00 and 6, 
makes the entire square, 96. 

Or putting 6 and 8, their product 48, doubled, is 
96 ; which, added to the sum of the squares 36 and 
64, viz., 00, makes the same I96. 

Again, 297, diminished by 8, is 294; and, in 
another place increased by the same, ıs 800. The 
product of these is 88200; to which adding the 


|  । 


square of 3, vizą, 9, the sum is as before the 
square, 88209. 

2f. Rule for the square, root’: one stanza. 

Having deducted from the last of the odd digits’ 
the square number, double its root ; and by that divi- 
ding the subsequent even digit, and subtracting the’ 
square of the quotient from the next uneven place, 
note in a line (with the preceding double number) 
the double of the quotient. Divide by the (number 
as noted in a) line the next even place, and deduct 
the square of the quotient from the following uneven 
one, and note the double of the quotient in the line. 
Repeat the process (until the digits be exhausted). 
Half the (number noted in the) line is the root. 

[The rule is practically the same as the ordinary one 
for the extraction of the square root. Only it is a little 


more cumbrous, as will appear from the two processes 
placed side by side :— 


i, i8 88209 (297 
ED ह SN = 
Hele 0. 53 49 | 482 

ia उका Es 

92— $S i 5 $$ ()9 
———---—t of 594 S7) 4409 

<a 

7x58 = ae —— the root required. 
72= 49 


‘Varga mila, root of the square; méla, pada, are synonyms of root. 


2 Every uneven place is to be marked by a vertical line, and the 
intermediate even digits by a horizontal line. Bat, if the last place be 


हँ न ait. E गज किए, 
even, it is joined with the contiguous odd digit. Examplo, s7209" 


Sis | 
Thus we see that instead of directing the subtraction 
of 9x49 at once from 482, the rule directs first the 
subtraction of 9x40, and then from the remainder the 
Subtraction of 9x9 or 92. And similarly for the next 


step. The process shown on the left-hand side is the 
same as that explained in the JSfanoranjana.] 


22. Example. Tell me dear woman, the root 
of four, and of nine, and those of the squares before 
found, if thy knowledge extend to this calculation. 

Statement: 4, 9; 5], 96, 88209, 00i00025. The 
roots are 2, 3, 9, 4, 297, L0005. 

23—25. Rule for the cube! : three stanzas. 

The continued multiplication of three like quan- 
tities ig a cube. The cube of the last (digit) is to be 
set down ; and next the square of the last multiplied 
by three times the first ; and then the square of the 
first taken into the last and tripled ; and lastly, the 
cube of the first : all these, added together accor- 
ding to their places, make the cube. The proposed 
quantity (consisting of more than two digits) is 
distributed into two portions, one of which is then 
taken for the last (and the other for the first) ; and 
in like manner repeatedly (if there be occasion.) 
Or the same process may be begun from the first 
place of figures, either for finding the cube or 


२ Ghana, a cube ; lit., solid. 


3 The subdivision is continued until it comes to single digits. Ganesa 
confines it to the places of figures (sthdna-vibhdga), not allowing the portion- 
ing of the numbor (riéipa-vibhdgu), because the addition is to be made 
according to the places. 


[l4] 


the square. Or three times the proposed number, 
multiplied by its two parts, added to the sum of 
the cubes of those parts, give the cube. Or the 
square root of the proposed number being cubed, 
that multiplied by itself, is the cube of the 
proposed square.’ 
(The different methods follow from the following for- 

mule 3— 

(a+ 2) =a? -- 3528 +- 3602 +08, 

(a+ 6)? =a8 + 03 +. 3ad(a+ 0). 


{var}? - (८११. ] 


26. Example. Tell me, dear woman, the cube 
of nine, the cube of the cube of three, and the cube 
of the cube of five, and the cube roots of these 
cubes, if thy knowledge be great in the computation 
of cubes. 


Statement : 9. 27, 25. 


The cubes in the same order are, 729, 9688, 
953725. ° 


2This carries an allusion to the raising ef quantities to higher powers 
than the cube. Ganesa specifies some of them. Thus the fourth power 
of a number is called varga-varga ; tho sixth power, varga-ghuna or ghana- 
varga : the eighth power, varga-varga-varga ; the ninth pewer, ghana- 
ghana ; the fifth power, varga-ghana-ghdta; and the seventh power, varga- 
varga-ghana-ghitta, 

2The following process of finding the cube of I25 is given in the Mano- 
ranjana, The proposed number १28 is distributed into two parts 9 and 
and the first of these again into two parts | and 2: 


(क. 


The proposed number being 9, and its parts 4 
and 5, 9 multiplied by them and by 3 is 540; which, 
added to the sum of the cubes 64 and ।25, viz., 89, 
makes the cube of 9 viz., 729. The entire number 
being 27, its parts are 20 and 7; by which the num- 
ber being successively multiplied, and then tripled, 
is I340; and this added to the sum of the cubes 
of the parts, 8343, makes the cube ।9688. 

The proposed number being a square as 4, its 
root 2 cubed is 8. This taken into itself gives 64, 
the cube of 4. So 9 being proposed, its square 
root 3, cubed, is 27; the square of which, 729, is 
the cube of 9. In short, the square of the cube is 
the same as the cube of the square. 

(‘In short, the square, tc.” The translation should be, 
“in short, the cube of a square number is the same as the 
square of the cube .of the square root of the number.” 
This follows from the third formula given in the preced- 
ing article.] 

27—28. Rule for the cube root’: two stanzas. 


Then, l cubed is ... doc 00९ A 
], square of ], tripled and multiplied by 2, is » 6 


4, square of 2, tripled and multiplied by ł, is ... ।2 
2 cubed is t. aoe oes ७९७ 8 
I728 
Now, I2 cubed es above is vee tes 000 TE 
॥44, square of i2, tripled and multiplied by 73, is ००० आओ) 
25, square of 5, tripled and multiplied by 2, is 000 900 
5 cubed is ae es wee ee 25 
Thus, ।25 cubed is a vee ‘°° 795325 


iGhana-mila, root of the cube, 


Ll 


The first (digit) is a cube’s place; and the two 
next, uncubic; and again, the rest in like manner. 
From the last cubic place take the ( nearest ) cube, 
and set down its root apart. By thrice the square 
of that root divide the next (or uncubic) place of 
figures, and note the quotient in a line (with the 
quantity before found). Deduct its square taken 
into thrice the last (term), from the next (digit); and 
its cube from the succeeding one. Thus the line 
(in which the result is reserved)-is the root of the 
cube. The operation is repeated (as necessary). 

Example. Statement of the foregoing cubes 
for extraction of the root: 729, ॥9688, ॥9583॥925. 

The cube roots respectively are 9, 27, 25. 

[The rule is more cumbrous than the ordinary one, as 
will appear below :— 


| Sar ; 3 = 25 
वड ( i ह ( १०5० 
ILa = 2 2 -300953 
जा ay eee 
SS 2 20 4 
89९४३ Ç 725 364,728 
35523 2555 
3x23 xl= 2 3 >202 =43200 
2334525 ३२८३20 ८ 5-- 3800 
NE 5?= 25 
22525 45025/22525 
३:८३।22 =482 De 
5x432= 2ı60 
9425 
5२,८॥१ १८३ -- । 900 
३25 


आगे. । १). 
[The process shown on the left-hand side is the same 


as that explained in the Manoranjana. The ciphers are 
omitted for simplicity.| 


SECTION Ill. 
FRACTIONS.’ 

FOUR RULES FOR THE ASSIMILATION OR 
REDUCTION OF FRACTIONS TO A COMMON 
DENOMINATOR.’ 

29. Rule for the simple reduction of fractions’: 
one stanza. The numerator and denominator‘ 
being multiplied reciprocally by the denominators 
of the two quantities,’ they are thus reduced to the 
same denominator. Or both numerator and deno- 
minator may be multiplied by the intelligent cal- 
culator into the reciprocal denominators abridged 
by a common measure. 


’Bhinna, a fraction ; lit, a divided quantity, or one obtained by divi- 
sion.—Gan, An incomplete quantity or non-integer (apéirna).—Gang. 

? Bhdgayjati-chatushtaya, jdti-chatushtaya, or four modes of assimilation 
or process for reducing to a common denominator, fractions having dis- 
similar denominators, preliminary to addition and subtraction of fractions, 

3 Bhagajati or ansa-savarnana, assimilation of fractions, reducing them 
to uniformity. 

*Bhaga, ansa, vibhdga, lava, de., the numerator of a fraction. Hara, 
hára, chheda, de., the denominator of a fraction. That which is to be 
divided is the part (ansa); and that by which it is to be divided is hara, the 
divisor.—Gan, and Sur, 


° fast, a quantity, § 36. 


3 


[ SAA; 


(This is the ordinary rule for reducing fractions to 
their least common denominator. The first part of the 
rule is meant for fractions whose denominators are prime 
to each other.] 


30. Example. Tell me the fractions reduced 
to a common denominator which answer to three 
and a fifth, and one-third, proposed for addition ; 
and those which correspond to a sixty-third and a 
fourteenth offered for subtraction. 


t t t! so J ल 
Statement’ : +, +, छुँ, 


: 3 5 
Reduced to a common denominator, ४१, 4, $ 


53 
Sum +. 


Statement of the second example: ®, +> 

The denominators being abridged, or reduced to 
least terms, by the common measure 7, the frac- 
tions become 4, ठे. Numerator and denominator, 
multiplied by the abridged denominators, give 
respectively = and js- Subtraction being made, 
the difference is is. This abridged by 7 is 4 


3]. Rule for the reduction of subdivided frac- 
tions’ : half a stanza. 


*Ainong astronomers and other arithmeticians, oral instruction has tau- 
ght to place tho numerator above and the denominator beneath.—Gan. 


No line is interposed in the original ; but it has been introduced in the 
translation to conform to the modern practice. Bhiskara subsequently 
directs (§ 36) an integer to be writton as a fraction by placing undorit unity 
for its denominator. The same is done by him in this place in the text. 


"3 Prabhdga-jdtt, assimilation of sub-fractions, or making uniform the 
fraction of a fraction.—Gan. 


pee 


The numerators being multiplied by the nu- 
merators, and the denominators by the denomina- 
tors, the result is a reduction to homogeneous form 
in subdivision of fractions. 

[This is the ordinary rule for reducing a compound 
fraction to a simple fraction.] 

32. Example. The quarter of a sixteenth of 
the fifth of three-quarters of two-thirds of a moiety 
of a dramma was given to a beggar by a person, 
from whom he asked alms: tell me how many 
cowry shells the miser gave, if thou be conversant, 
in arithmetic, with the reduction termed subdivision 
of fractions. 

Statement: + है $ 3 है हे मे 

Reduced to homogeneousness, rr; or in least 
terms, a. 

Answer: A single cowry shell was given. 


33. Rule for the reduction of quantities increas- 


ed or decreased by a fraction : a stanza and a half. 

Prabhiga, a divided fraction or fraction of a fraction : as a part of a 
moiety, and so forth.—Gang. 

! For a cowry shell is in the tale of money the I280th part of a 
dramma, § 2. 

2 Bhiganubandhajati, assimilation of fractional increase, reduction to 
uniformity of an increase by a fraction, or the addition of a part ; from 
anubandha, junction.—Gan. Bhaigdpavahajati, assimilation of fractional 
decrease ; from apavdha, deduction.—Gan. 

These, as remarked by Ganesa, are merely particular cases of addition 
and subtraction, The fractions may be parts of an integer, or parts of 
the proposed quantity itself. Hence we get two sorts of each, named 


[90 ] 


The integer being multiplied by the denomina- 
tor, the numerator is made positive or negative,’ 
provided parts of a unit be added or be subtractive. 
But if indeed the quantity be increased or diminish- 
ed by a part of itself, then, in the addition and 
subtraction of fractions, multiply the denominator 
by the denominator standing underneath’, and the 
numerator by the same augmented or lessened by 
its own numerator. 


[The first part of the rule follows from the identity, 


+ et 
at ७ = —— a and the second part, from the identities, 
१० i 
FFE 0 i l 


Hence, if we write = underneath - , we get the second 


part of the rule. 
The process may be repeated, if necessary. 


me ae क सन ती 
hus, z + o; +4545 x = a. 


An application of this last formula occurs in the 
examples given in § 35. ] 


by Gangddhara and Stryaddsa, répa-bhdgdnubandha, addition of the frac- 
tion of a unit; rúpa-bhágápaváha, subtraction of the fraction of a 
unit ; rdési-bhdgdnubandha, addition of a fraction of the quantity; rási- 
bhigdépavaha, subtraction of a fraction of the quantity. 

१ Dhana, positive ; rina, negative. 

2 Indian arithmeticians write fractions under the quantities to which 
they are additive, or from which they are subtractive, Accordingly, the 
numerators and denominators are put in their order, one ynder the other. 


शे] | 


34. Example. Say how much two and a quar- 
ter, and three less a quarter, are, when reduced to 
uniformity, if thou be acquainted with fractional 
increase or decrease. 


Stavement: 2 3 
ml 


ही आ की 
ता ड 

Reduced to homogeneousness, they become | 
and +. 

[In the original a dot (+) is used instead of the sign 
minus (—).] 

35. Example. How much isa quarter added 
to its third part, with a half of the sum, and how 
much are two-thirds lessened by one-eighth of them, 
and then diminished by three-sevenths of the re- 
sidue ? Tell me likewise, how much half less its 
elghth part, added to nine-sevenths of the residue 
is, if thou be skilled, dear woman, in fractional 
merease and decrease. 


BUEN EU : 


Ne eos Wl 
~f v wm ६५४५ 
= } o œ= w 


~ 
~ 


Reduced to uniformity, the results are 4, ई, 4. 


[In the above examples we may apply the last for- 
mula given in § 33. Thus in the first example, we have 
«=l, 054, लच्या, d=3, शक्य / 2, and all the signs are 
4 x GH) I+) _ 

4x3x2 P 
and similarly for the other two. The same process is 
exhibited in the Manoranjana. | 


plus, Hence the result is 


Sr 
# 
Ke 
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THE EIGHT RULES OF ARITHMETIC APPLIED 
TO FRACTIONS.! 


36. Rule for addition and subtraction of frac- 
tions’ : half a stanza. The sum or (in the case of 
subtraction) the difference of fractions having a 
common denominator, is (taken). Unity’ is put 
denominator of a quantity’ which has no divisor.” 


[This rule and the others which follow are all 
ordinary rules.) 


37. Example. Tell me, dear woman, quickly, 
how much a fifth, a quarter, a third, a half, and a 
sixth, make when added together. Say instantly 
what the residue of three is, subtracting those 
fractions. 


ol 


Statement: +, 4, ह, 3, 
Added together the sum is =. 


Subtracting those fractions from three, the 
remainder is $ 


2 Bhinna parikarmdshtaka, the eight modes of process, as applicable to 
fractions : the preceding Section relating to those arithmetical processes 
as applicable to integers (abhinna-parikarmdshtaka.) 

9 Bhinna-sankalita, addition of fractions ; bhinna-vyavakalita, subtrac- 
tion of fractions. 

3 Ripa, the species or form ; anything having bounds.—Gang. In the 
singular, the arithmetical unit ; in the plural, any integer. 

+ Rast, a congeries ; a heap of things, of which unity is the scale of 
numeration ; a quantity or number. 


5 That is, it is put denominator of an integer. 


|. 23 । 


38. Rule for multiplication of fractions: half 
a stanza. 

The product-of the numerators, divided by the 
product of the denominators, (gives a quotient, 
which) is the result of multiplication of fractions. 


39. Example. What is the product of two and 
a seventh, multiplied by two and a third, and of a 
moiety multiplied by a third? Tell, if thou be 
skilled in the method of multiplication of fractions. 

Statement: 2 2 
ग. 

Reducing to uniformity we get, =. The pro- 
duct is + 


Statement: + $. 


The product is ह. 
40. Rule for division of fractions? : half a stanza. 


After reversing the numerator and denominator 
of the divisor, the remaining process for division of 
fractions is that of multiplication. 


4. Example. Tell me the result of dividing 
five by two and a third ; and a sixth by a third ; if 
thy understanding, sharpened into confidence, be 
competent for the division of fractions 


3 Bhinna-gunana, multiplication of fractions 
2 Bhinna-bhdgahvra, division of fractions. 


3 Ganesa omits the latter half of the stanza, Gangddhara gives it 
entire. 


| 2a | 


5 


S tat nt: L H 

atement: 2 (2) L यु, तोः 
4 3 

Proceeding as directed, the quotients are ? 
and 4 

42. Rule for involution and evolution of frac- 
tions’ : half a stanza. 

If the square be sought, find both squares; it the 
cube be required, both cubes: or, to discover the 
root (of cube or square), extract the roots of both 
(numerator and denominator.) 

43. Example. Tell me quickly the square of 
three and a half; and the square root of the square; 
and the cube of the same ; and the cube root of 
that cube ; if thou be conversant with fractional 
squares and roots. 


S a. 
CLOEDT : 3 ; 
ate or reduced +. 


tle Oo 


Its square is $ ; of which the square root is फु. 


The cube of it is ; of which again the cube root is 


OES] 


SECTION IY, 
CIPHER." 
44—45. Rule for arithmetical process relative 
to cipher : two couplets. 


3 Bhinna-varga, squarc of a fraction ; bhinna ghana, cube of a fraction. 
2 Sénya, kha. and other synonyms of vacuum or cthorial space ; nought 
or cipher; a blank or the privation of specific quantity.—Krishna on 


Vijaganita. 


In addition, cipher makes the sum equal to the 
additive.’ In involution and (evolution) the result 
is cipher. A definite quantity,’ divided by cipher, is 
the submultiple of nought.” The product of cipher 
is nought : but it must be retained as a multiple of 
cipher, if any further operation impend. Cipher 
having become a multiplier, should nought after- 
wards become a divisor, the definite quantity must 
be understood to be unchanged. So likewise any 
quantity, to which cipher is added, or from which it 
is subtracted, (is unaltered). 

[The first four rules are clear. The rule, we, “cipher 
having become a multiplier, &0 ,” is not accurate. For 
ax0 

0 
The idea of infinity is not introduced here by the author, 
It is, however, introduced by him in the Vija-qanita, and 
also by Ganesa in his commentary on the above couplets.) 


=% = indeterminate, and, १०८७७ as the rule says. 


46. Example. Tell me how much cipher added 
to five is, and the square of cipher, and its square 


! Keshepa, that which is cast or thrown in ; additive.—Gang. 

2 Rasi. Sec § 36. 

3 Kha-hara, a fraction with cipher for its denominator. According to 
the remark of Ganesa, it is an infinite quantity : since it cannot bo de- 
termincd how great itis. Tt remains unaltered by the addition or sub- 
traction of finite quantities : since, in the proliminary operation of reducing 
both fractional expressions to a ccmmon denominator, preparatory to taking 
their sum or difference, both numerator and denominator of the finite 
quantity vanish. Rangandtha affirms that it is infinite, because the 
smaller the divisor is, the greator is the quotient : now cipher, being in tho 
utmost degrec small, given a quotient infinitcly great. 

*Khaguna, a quantity which has cipher for its multiplier, Cipher is net 
down by the side of the multiplicand, to denote it — Gan. 


4 
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root, its cube, and cube root ; and five multiplied 
by cipher ; and how much ten is subtracting cipher ; 
and what number it is, which multiplied by cipher, 
and added to half itself, and multiplied by three, 
and divided by cipher, amounts to a given number 
sixty-three. 

Statement : 0. Cipher added to 5 makes 5. 
Square of cipher, 0. Square root, 0. Cube of 
cipher, 0. Cube root, 0. 

Statement: 8. This multiplied by cipher makes 0. 

Statement :I0. This divided by cipher gives +. 

Statement : an unknown quantity ; its multiplier, 
0; additive, 4 , multiplicator, 3; divisor, 0; given 
aumber, 63 ; assumption, J. 

Then, either by inversion or position, as subse- 
quently explained (३47 and $50), the number is 
found, 4. This mode of computation is of frequent : 
use in astronomical calculation. 

[The last example as translated by Colebrooke appears 
to be meaningless and absurd. If we put v for the requir- 
ed number, we get the equation, 

3 (2९04 _ 63, 
which is manifestly absurd. The correct translation, 
however, would lead to the equation, 


0 १८ (2 -$2) x3 8 
83, 


of which ७4 is a solution.] 


CHAPTER IIL 
Miscellaneous Rules. 


SECTION I. 
INVERSION. 

A7—48. Rule of inversion’: two stanzas. To 
investigate a quantity, one being given, make the 
divisor a multiplicator ; and the multiplier a divisor ; 
the square, a root; and the root, a Square’; turn 
the negative into positive, and the positive into 
negative. Ifa quantity is to be increased or dimi- 
nished by its own proportionate part, let the ( lower’ ) 
denominator, being increased or diminished by its 
numerator, become the ( corrected) denominator, 
and the numerator remain unchanged ; and then 
proceed with the other operations of inversion, as 
before directed. 

[The reason for the rule is clear from the example 
given in § 49. Ifwe want anarithmetical solution of such 
a problem, we must begin from the end, and invert every. 
operation indicated in the problem, Ifa quantity is to be 
increased or diminished by its own proportionate part, 


i. e., if we have an equation of the form (4 डर = ) "८, then 


3 Prakirnc, miscellaneous. The rules contained in the first five sections 
of this ehapter have none answering to them in the Arithmotic of Brahma- 
gupta and Sridhara. 

2 Viloma-vidhi, Viloma-kriyd, Vyasta-vidhi, inversion. 

३ Drisya, the quantity or number, which is visible ; the given quantity 
t And the cube, a cube root ; and the cube root, a cube —Gan. 

5 GangAdhara 

6Gang4dhara. 


£ R र 
i T 7 T ५ 5 t t 
ip वक This explains the latter 


partof the rule.] T 

49. Example. Pretty girl, with tremulous eyes, 
if thou know the correct method of inversion, tell 
me the number, which multiplied by three, and 
added to three-quarters of the product, and divided 
by seven, and reduced by subtraction of a third 
part of the quotient, and then multiplied into itself, 
and having fifty-two subtracted from the product 
and the square root of ihe remainder extracted, 
and eight added, and the sum divided by ten, 
yields two.' 

Statement: Multiplier 3. Additive 4. Divisor 7. 
Decrease 4. Square—. Subtractive 52. Square root —. 
Additive 8. Divisor (00. Given number 2. 

Proceeding as directed, the result is 28, the 
number sought. 


evidently 2= 7 


SECTION Il. 
SUPPOSITION. 


50. Rule of supposition’: one stanza. Any 
number assumed at pleasure is treated as specified 


१ All the operations are inverted. The known number 2, multiplied 
by the divisor 0 converted into a multiplicator, makes 20; from which 
the additive 8, being subtracted, leaves I2; the square whereof ( extrac- 
tion of the‘root bceing.dirceted ) is वव ; and adding the subtractive 52, it 
becomes 496 ; the root of this (square being directed ) is 74 ; added to its 
half, 7, it amounts to 2l, which multiplied by 7, is 4१. This again 
divided by 7 and multiplied by 3 makes 63, which, subtracted from १47, 
leaves 84 ; and this divided by 3, gives 28.— Mano. 

? Ishta-karman, operation with an assumed number. It is the rule of 
false position, supposition, and trial and error. 
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inthe particular question, being multiplied and 
divided, raised or diminished by fractions; then 
the given quantity, being multiplied by the assumed 
number and divided by that (which has been 
found ), yields the number sought. This is called 
the process of supposition. 

SL Example. What is that number, which 
multiplied by five, and having the third part of the 
product subtracted, and the remainder divided by 
ten, and one-third, ७ half and a quarter of the 
original quantity added, gives two less than 
seventy ? 

Statement: Multiplier 5. Subtractive å of itself. 
Divisorl0. Additive} 44 of the quantity. Given 68. 

Putting 3: this multiphed by © is 38; less its 
third part, 30): divided by । (0 008 |. Added to 
the third, half and quarter of the assumed number 
3, VZ., + 
number 68 taken into the assumed one 3; the 
quotient is 48. 

The answer is the same with any other assumed 
number, asl, KC. 

Thus, by whatever number the quantity is 
multiplicd or divided in any example, or by 
whatever fraction of the quantity it is increased or 
diminished, by the same should the like opera- 
tions be performed on a number arbitrarily assum- 
ed; and by that, which results, divide the giver 
number taken into the assumed one; the quotient 
is the quantity sought. 


> कु, the sum is ५. By this divide the given 


[ 30 ] 


(The rule in § 50 is a clumsy way of solving a simple 
equation. The reason for it will appear below. 

Let 2 denote the number sought in § 57. 

Then, 5¢x2x*7W54+(44+444)7=$8. 

Multiply both sides by any assumed integer k, and we 
get x = {68xk}+{kxSx2x 2 4(44444)4} 

Thus we see that there is no need at all of assuming 
an integer A, as the rule directs, ] 

52. Example of reduction of a given quantity. 
Out of a heap of pure lotus flower, a third part, a 
fifth and a sixth were offered respectively to the 
gods Siva, Vishnu and the Sun ; and a quarter was 
presented to Bhavini. The remaining six lotuses 
were given to the venerable preceptor. Tell 
quickly the whole number of lotuses. 

Statement: 4, 4, 4%, 4; known 6. Putting one for 
the assumed number, and proceeding as above, 
the quantity is found 220. 

[In Pandit Jivananda Vidyasagara’s edition, there 
is an example before this, which is omitted by Cole- 
brooke. It is as follows :— 

Out of a herd of elephants, half together with a third 
part of itself was roaming in a forest; a sixth part 
together with a seventh of itself was drinking water 
in a river; and an eighth part together with a ninth 
of itself was playing with lotuses. The leader of the 
herd was seen accompanied by three females, What 
was the number of elephants in the herd ? 


र्ट ae i ~~ 


? Drisyá-játi, reduction of the visible or given quantity with fractions 
affirmative or negative ; here, with ‘negative ; in the preceding examnle 
with affirmative, 


| ऊ | 


This may be solved either by an arithmetical or an 
algebraical method, both being practically the same. 
Adopting the latter, and putting = for the required 
number, we get the equation {i+} +i नरक जो 
r=, whence, x = l008. 

it may be observed here that all the examples in this 
Section are problems producing simple equations, which 
are solved not by the ordinary method of solving simple 
equations, but by the authores method stated in § 50. 
They may also be worked out by a purely arithmetical 
method. 

The algebraical solution of the problem in § 52 is as 
follows :— 

Let v denote the whole number of lotuses. 

Then (444444+45)¢4+6 = v, whence = 320... 

53. Example of reduction of residues. A 
traveller, engaged in a pilgrimage, gave half his 
money at Praydga ; two-ninths of the remainder 
at Kasi; a quarter of the residue in payment of 
taxes on the road; six-tenths of what was left at 
Gaya; there remained sixty-three nishkas, with 
which he returned home. Tell me the amount of 
his original stock of mouey, if you have learned the 
method of reduction of fractions of residues. 

Statement: 4, 4,4, y; known 63. Putting one 
for the assumed number, subtracting the 
numerator irom its denominator, multiplyiug deuo- 
minators together, and in other respects proceding 
as directed, the remainder is found ७. By this 


+ Sesha-jdti, assimilation of residuo; roduction of fractions of resi- 
dues or successive fractional remainders. 
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dividing the given number 68 taken into the assum- 
ed quantity, the original sum comes out 540. 

Or it may be found by the method of reduction 
of fractional decrease (§ 88). 

Statement :+.3.;.4.;,. Being reduced to homo- 
geneous form, the result is Ww : whence the sum is 
deduced 540. 

Or this may aiso be found by the rule of inver- 
sion (§ 47). 

[Let v denote the original stock in nshkas. Then, at 
Praydga, there remained 42; at Kasi, $ of this being spent, 
there remained fof 2, similarly, on the road, there 
remained 4 of { of dz, and at Gayd, ts of fof Gof 4z or fot; 
hence we get wor = 63, whence x = 540.] 

54. Example of reduction of differences.’ Out 
ofa swarm of bees, one-fifth part settled on a 
blossom of Kadamba,’ and one-third on a flower of 
silindhr’; three times the difference of those 
numbers flew to the bloom of a Kutaja* One bee, 
which remained, hovered and flew about in the air, 
allnred at the same moment by the pleasing 
fragrance of a jasmine and pandanus. Tell me, 
charming woman, the number of bees. 

Statement: +,4,% ; known quantity, | ; assumed, 
30. 

A fifth of the assumed number is 6; a third is 
I0; difference 4; multiplied by 3 gives t2 ; and the 


१ Vislesha-jati, assimilation of difference; reduction of fractional 


ulfferences. 
2 Kadamba, Nauclea oriontalig or N. Kadamba. 
3 Stlindhri, a plant resembling the Kachora.—Krishna or Vija-ganita 
t Echites antidysenterica, 
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remainder is 2. Then the product of the known 
quantity by the assumed one, being divided by this 
remainder shows the number of bees 35. 

Here also putting unit for the assumed qnan- 
tity, the number of the swarm is found 38. 

So in other instances likewise.' 

{Let æ denote the number of bees. 

Then, e+ ३४न-3(३2- इको = z, whence ¢ = 5.) 


ee 


SECTION Hi. 
55. Rule of concurrence: half a stanza. 


The sum with the difference added and subtrac- 
ted, being halved, gives the two quantities. This 
is termed concurrence.’ 

[Let z and y denote the required numbers. Then, 
r+y=k, २४-११, where / and l are given quantities ; 
whence a = 4 (44+), 7 = छ (%४-/).) 

96. Example. Tell me the numbers, the sum 

of which is a hundred and one, and the difference, 


2 The Manoranjana introduces nue more example, which is ieo 
placed after the second, and is here subjoined :—“The third part of a` 
necklace of pearls, broken in an amorous struggle, foll to the ground, 
its fifth part rested on the couch ; the sixth part was saved by the wench ; 
and the tenth part was taken up by her lover ; six pearls remained strung. 
Say of how many pearls the necklace was composed.” 

Statement : 444 ic. Rem. 6. 

Answer : 30. 

? Sankrámana, concurrence or mutual penetration in the shape of sum 
and differonce.—Gang. Investigation of two quantities concurrent or 
grown together in the form of sum and differenco.-—Gan. Calculation of 
quantities latent within those exhibited.—Sur. 


5 


twenty five; if thou know the rule of concurrence, 
dear child. 

Statement: sum {0Ll; difference 25. 

The two numbers are 38 and 63. 


57. Rule of dissimilar operation’; half a stanza. 

The difference of the squares, divided by the 
difference of the radical quantities, gives their 
sum”; whence the quantities are found in the mode 
before directed. 


[Let = and y be the numbers. Then, 
r? -- ५४ =m, कट = १३. 


m 
०+} = ए, ke] 


58. Example. Tell me quickly, skilful calcu- 
lator, what numbers they are, of which the differ- 
ence is eight, and the difference of squares four 
hundred. 

Statement : difference of the quantities 8; differ- 
ence of the squares 400. 

The numbers are 2 and 29. 


SECTION IV. 
PoBLEM CONCERNING SQUARES.’ 


A certain problem relative to squares is pro- 
pounded in the next instance. 


५ Vishama-karman, tho finding of the quantities, when the difference 
of their squares is given, and either the sum or the differenco of the 
quantitios—Gan. A specios of concurrence, —Gang. See below, $35. 

2 Or divided by their sum, gives their difference.—Gan. 

३ Varga-karman, oporation relative to squares ; an indeterminate pro- 
blem, admitting innumerable solutions, 
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59. Rule. The square of an arbitrary number, 
multiplied by eight and lessened by one, then halved 
and divided by the assumed number, is one 
quantity ; its square, halved and added to one, is the 
other. Or unity, divided by double an assumed 
number and added to that number, is a first quan- 
tity ; and unity is the other. These give pairs of 
quantities, the sum and difference of whose squar- 
es, lessened by one, are squares. 

[Let n be the assumed number. Then, by the first part 
of the rule, the two numbers are, 


नी 2 
Dio al, च 
sak 4) and 3 ठु B) | LIL 


The sum of the squares of these numbers lessened by lis 


Iv 2 LAs 
4 ( ia तो +2( g न) 
L2 TN? 
= E i > 
= ( 4n z) l 4 ( 4n z) +2) 
रग 2 र्ग 2 
( 4n — 25) ( 2n + T) , a perfect square, 
2n 4n 


Similarly, the difference of the squares of the numbers 
lessened by is a perfect square. 


Again, by the second part of the rule, the numpers are 


र्ग है। a °| | 2 
mt” and 3 ; and (९) ae (DE —l = + n) | 


which are perfect squares. 
Hence the reason for the rule is evident, | 


60. Tell me, my friend, numbers, the sum and 
difference of whose squares, less one, afford square 
roots, which dull smatterers in algebra labour to 
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excruciate, puzzling for it in the six-fold method 
of discovery there taught. 

To bring out an answer by the first rule, let the 
number pub be 4. Its square, 4, multiplied by 8, 
is 2; which lessened by isl. This halved is उ, 
and divided by the assumed number 3 gives ] for 
the first quantity. Its square halved is 4, which, 
added to 7, makes,. Thus the two quantities are 
l and 5. 

So, putting 4 for the assumed number, the 
numbers obtained are छ and ७. With the supposi- 


tion of 2, they are १ and ७७५. 


By the second method, let the assumed number 
be J. Unity divided by the double of it is 4, which 
added to the assumed number makes :. The first 
quantity is thus found. The second is unity. With 
the supposition of 2, the quantities are १ and i. 
गणी 3 tioy are w and i 


6l. Another Rule” The square of the square 
of an arbitrary number, and the cube of that num- 
ber respectively multiplied by eight, adding one 
to the first product, are such quantities, equally in 
arithmetic and algebra. 


२ This question, found iu some copios of tho toxt, and interpreted by 
Gangádhara and tho Manoranjana, is unnoticed by the other commenta- 
tors. [Wo do not know what the author means by the six-fold method of 
discovery. Colebrooke does not say anything about it.—Ed.] 


2 To bring out answors in whole numbors, the two preceding solutions 
giving fractions.—Gan. and Súr. 
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Put 4. The square of the square of the assumed 
number is is, which multiplied by 8 makes 3. This 
added to lis 2, which isthe first quantity. Again 
put. Its cubeis ह, which multiplied by 8 gives 
the second quantity f. Next supposing 4, the two 
quantities are 9 and 8. Assuming 2, they are ॥29 
and 64. Putting 3, they are 649 and 2i6. And so 
on, without end, by means of various suppositions, 
in the several foregoing methods. 

It is said that algebraic solution similar to arith- 
metical rules appears obscure; but itis not so to 
the intelligent ; nor is it six-fold, but manifold. 

(Let n be the arbitrary number. Then, by the rule, 
the numbers are, Bn! 4- and 872° ; 
and | (Bnt+I)?xi8Bn)% —l=(4n°)(2n?+l), which are 
perfect squares. 

Hence the reason for the rule is obvious, } 


SECTION ४. 

62—63. Rule for assimilation of the root's coeffi- 
cient! : two stanzas. 

The sum or difference of a quantity and of a 
multiple of its square root being given, the square 
of half the coefficient’ is added to the given number, 
and the square root of their sum (is extracted ; that 
root,) with half the coefficient added or subtracted, 


i Mala-jati, múlá-gunaka;játi or ishta-múlánsa-játi, assimilation and re- 
duction of the root’s coefficient with a fraction. 
2Guna, multiplicator ; mila-guna, roots multiplier, the coefficient of 


the root. 
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being squared, is the quantity sought by the inter- 
rogator. H the quantity have a fraction (of itself) 
added or subtracted, divide the number given and 
the multiplicator of the root, by unity increased or 
lessened by the fraction, and the required quantity 
may be then discovered, proceeding with those 
quotients as above directed. 

A quantity, increased or diminished by its square 
root multiplied by some number, being given, add 
the square of half the multiplier of the root to the 
given number; and extract the square root of the 
sum. Add half the multiplier, if the difference 
were given; or subtract it, if the sum were so. The 
square of the result will be the quantity sought. 

[The third paragraph is in prose in the original, and is 
added by the author by way of explanation of the two 
preceding metrical rules. 

Suppose we have the equations, 


stae =b #«« हैँ (2) 


Then, completing the square, we get 


=+) = +) 
so मर Co Sn 


2 a 2 
o @ ={ /t4 (5) + x} है 
Hence the reason for the first part of the rule is clear. 
It is the ordinary rule for solving an equation reducible 
to a quadratic by completing the square. 
The second part of the rule is meant for equations 
of the form 


शन .. -» (2), 
Whence we get 
है) 2 Ea 5 
lty गज T 


which is of the form (३), and may be solved as above, 
Thus we see the reason for the second part of the rule.] 

64. Example: the root subtracted, and the 
difference given. One pair out of a flock of geese 
remained sporting in the water, and saw seven 
times the half of the square root of the flock pra- 
ceeding to the shore tired of the diversion. Tell 
me, dear girl, the number of the flock. 

Statement: coeff. #; given 2. Half the coefficient 
is 4; its square क added to the given number, 
makes iF, the square root of which is +. Half the 
coefficient being added, the sum is 4; or, reduced 
to least terms, 4. This squared is [6) the number 
of the flock, as required. 

[Let z denote the number of the flock. 

Then, 2+ vg = z; 


F 


whence == द) IG 


This is an instance of the first part of the preceding rule.] 


65. Example: the root added, and the sum 
given. Tell me what the number is, which, added 
y 


॥ 40. | 


to nine times its square root, amounts to twelve 
hundred. and forty. 

Statement: coeff. 9; given 7240. Proceeding 
by the rule, the required number is 96]. 

[Let z denote the number required, Then, x49 Jz= 
424:0,, whence z]. 

66. Example: the root and a fraction both sub- 
tracted. Of a flock of geese, ten times the square 
root of the number departed for the Mánasa lake,’ 
on the approach of a cloud: and eighth part went 
to a forest of Sthalapadminis* : three couples were 
seen engaged in sport on the water abounding with 
delicate fibres of the lotus. Tell, dear girl, the 
whole number of the flock. 

Statement: coeff. 0; fraction 4; given 6. 


Proceeding by the (second) rule $(63), unity iess 
the fraction, is §; and the coefficient and the given 
number, being both divided by that, become -7 and 
4. and the half coefficient is +. With these, 
proceeding by the (first) rule §(62), the number of 
the flock is found १44. 

[Let = denote the whole number of the flock. 


Then, 30 Jp + La co 

२ Wild geese are observed to quit the plains of India, at the approach of 
the rainy season ; and the lake called Minasasarovars is covered with 
water-fowl, especially geese, during that season. The Hindus suppose the 
whole tribe of 89883 to retire to the holy lake at the approach of rain. 
The bird is sacred to Brahma. [330 Raghuvansa, XIII, 55.—Ed.] 

२ The plant intended is not ascertained. The context would seem to 
imply that it is arboreous, as the term signifies forest. 
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०-0 Jz =6; whence z. 
This is an instance of the second part of the rule in 
§62_63,] 

67. Example. The son of Pritha,’ irritated in 
fight, shot a quiver of arrows to slay Karna. With 
half his arrows, he parried those of his antagonist ; 
with four times the square root of the quiver-full, 
he killed his horses; with six arrows, he slew Salya’ ; 
with three he demolished the umbrella, standard 
and bow; and with one, he cut off the head of the foe. 
How many were the arrows which Arjuna let fly ? 

Statement: fraction 4; coeff. 4; given 40. 

The given number and coefficient being divided: 
by unity less the fraction become 20 and 8; and 
proceeding by the rule (§62), the number of arrows 


comes out l00. 
[Let ४ denote the number of arrows. 


Then, ae +4 J 2 प-७न-3न- 5, whence z.] 


68. Example, The square root of half the 
number of a swarm of bees is gone to a shrub of 
jasmin’; and so are eight-ninths of the whole swarm : 
a female is buzzing to one remaining male that is 
humming within a lotusin which he is confined, 
having been allured to it by its fragrance at night.’ 
Say, lovely woman, the number of bees. 


१ Arjuna, surnamed Partha; his matronymic from Prithá or Kunti. 

2 One of the Kauravas, and charioteer of Karna. 

3 Málati, jasminum grandiflorum. 

* The lotus being open at night and closed in the day, the bee might be 
caught in it.—Gan. ` 
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Here eight-ninths of the quantity and the root 
of its half are negative (and cosequently subtractive) 
from the quantity: and the given number is two of 
the specific things. The negative quantity, and the 
given number halved, bring out half the quantity 
sought. Thus :— 

Statement: fraction ‘$ ; coeff. 4; given l. 

A fraction of half the quantity is the same as 
half. the fraction of the quantity; the fraction is 
therefore set down (unaltered’. 

Here proceeding as above directed, there comes 
out half the quantity, 36; which being doubled is 
the number of bees in the swarm, 72. 

[Let x denote the number of bees, 
Then, Viz +8 442=z. 
Put y=42, and we get 
9—39 —4 Ny 3, 
whence by the rule in §§62-63, we obtain y=36, and 
Co 
Thus the reason for the process given in the text is 
clear. The reason given by the author and the commen- 
tators is not very clear.] 

69. Example: the root and a fraction both 
added. Find quickly, if thou have skill in arith- 

i In such quostions it is necessary to observe whether tho हती 
of the root bo so of the root of the wholo number, or of that of its part; 
for that quantity is found, of whoso root the coefficient is used. But in 
the present case, the root of half the quantity is proposed ; and accordingly, 
the half of tho quantity will be found by the rules The numbor given, 
however, belongs to the entire quantity. Therefore, taking half the given 
number, half the required number is to be brought out by the process 
beforo directed,— Mano, and Sur. 
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metic, the quantity which added to its third part 
and eighteen times its square root, amounts to 
twelve hundred. 


Statement : fraction $; coeff. 8; given 200. 


Here, dividing the coefficient and given number 
by unity added to the fraction §63), and proceeding 
as before directed, the number is brought out, 576 


[Let ४ denote the number required. 
Then, 2+3 ५--8 Jz 3200 ; whence #.] 


[The following problems leading to quadratic equa- 
tions are given by Bhaskara in the Vijaganitas— 


The eighth part of a troop of monkeys, squared. was 
skipping in a grove and delighted with their sport. 
Twelve remaining were seen on the hill, amused with 
chattering to each other. How many were they in all? t 


Putting & for the required number of monkeys, we get 


the equation I ` 4 lo =, whence ~ lo or 48, both 


values being admissible. 

The fifth part ofa troop of monkeys less three, being 
squared, had gone to a cave; and one monkey was in 
sight, having climbed on a branch. Say how many they 


were. f 


+ वनान्तराले प्ववगाषटभाग: संवगि तीवलूगतिजातराग: | 


फूत्‌ कारमादप्रतिनादनुष्टा ष्टागिरीद्दादशते कियन्तः ॥ 
| यृथात्पच्चांशकस्तूनो afr तो गद्दरंगत: | 


Zg: MIT: शाखामारुटी वदते कति ॥ 
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Putting x for the number of monkeys, we get the equa- 
. ae 2 
tion Z — 3) +l=zr, whence z=50 or 5, the latter value 


being inadmissible This is noticed by Bháskara who 
says, “But the secosd (value) is in this case not to be 
taken, for it is incongruous, People do not approve a 
negative absolute number ”.] 


SECTION Vi. 
Rute or PROPORTION.! 
70. Rule of three terms’: one stanza. 


The first and last terms, which are the argument 
and requisition, must be of like denomination ; the 
fruit, which is of a different species, stands between 
them: and that, bemg multiplied by the demand 
and divided by the first term, gives the fruit of the 
demand.’ In the inverse method, the operation is 
reversed.” 

[The rule is the ordinary mechanical one for solving 
problems involving the Rule of Three, direct and inverse.. 
It is not stated in the light of the principle of proportion, 
and is practically the same as that given in Mr. Barnard 
Smith’s well-known work on Arithmetic, Art. 55.] 


3 {A more literal translation would be ‘ Rule of Three, the word in the 
original being trairdsika.—Ed.] 

2 Trairésik, calculation belonging to a set of throe terms.—Gang. Rule 
of Three, The first term is pramdna, measure or argument; the 
second is its fruit, phala, or produce of the argument ; the third is ichehhé, 
the demand, requisition, desire or question.—-Gan, 

३ Ichchhd-phala, produce of the requisition, or fruit of the question; it 
is of the same donomination or species with the second term. 

See § 74, 
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Tl. Example. If two and a half palas of 
saffron be obtained for three-sevenths of a nishka, 
say instantly, best of merchants, how much is got 
for nine nishkas. 


2 3 9 K 
Statement: 7 छ JT. Answer: 52 palas and 2 
arsias. 


[This is an example of the Rule of Three direct. 
Worked out by the principle of proportion, the process 
will stand thus :— 


Let ७ denote the quantity sought in palas. 


Then, we evidently have the proportion, 


i SE. 
ux$=$x9, 
& x9 


i 
| 


Thus the answer is 52} palas =52 palas, 2 karshas. 

The reason for the rule in § 70 is obvious}. 

72. Example. If one hundred and four nishias 
are got for sixty-three palas of best camphor, con- 
sider and tell me, friend, what may be obtained for 
twelve and a quarter palas. 

Statement: 63 I04 $. Answer: 20 nishkas, 8 
drammas, 8 panas, 8 kakints, ll cowryshells and 
॥॥ 
yth part. 

[This also is an instance of the Rule of Three direct, 
and may be worked out as above.] 

73. Example. If a khdri and one-eighth of rice 
may be procured for two drammas, say quickly 
what may be had for seventy panas. 
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Statement, reducing drammas to panas: 32 2 70. 
Answer: 2 kharis, 7 dronas, i ddhaka, 2 prasthas. 

[This is a third instance of the Rule of Three direct.] 

74. Rule of Three inverse’. 

Ti the fruit diminish as the requisition Imecreases, 
or augment as that decreases, they who are skilled 
in accounts consider the Rule of Three terms to be 
inverted.” 

When there is diminution of fruit, if there be 
increase of requisition, and increase of fruit if there 
be diminution of requisition, then the inverse Rule 
of Three is (employed). 

(This is the ordinary definition of inverse variation. } 

75. For mstance, when the value of living 
beings’ is regulated by their age; ant in the case of 
gold, where the weight and touch are’ compared’, 
or when heaps’ are subdivided; let the inverted 
Rule of Three terms be (used. 


LVyasta-trairdsika or Vilona-trvmisika, rùlo of threes terms inverse, 

Tho method of performing tha inverse rule has been already taught ($70), 
viz, “in the inverse method, th? oporation is reversed ;” że. the fruit 
is to bo multiplied by tho atgumont and divided by ths dem mnd.—S úr. 

When ths fruit increases or desroasas, as tha demind is auzmonted or 
diminished, the direct rulo (Kram t-trairdsiia) is used ; olse the inverse.— 
Gan, 
Slaves and cattle. The price ef tha older is less; ef the younger, 
greater.—Gang, and Súr. 

4Qelour on the teuchstene, See Alligation, § ॥0. 

‘See Chap. X. When heaps ef grain, which had been moted with a 
small measure, are again meted with a larger one, the number decreases ; 
and when those, which had been meted with a Jarge meusure, are again 
meted with a smaller one, there is increase of number.—Gang. and Súr. 
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[Some instances of inverse variation are here men- 
tioned, The reason is clear from the foot-notes appended. 
The author does not mention the common instance of time 
and agency required for a givea piece of work.] 

76. Example of age and price of living beings. 
Ti a female slave, sixteen years of age, bring thirty- 
two (nishkas), what will one aged twenty cost? It 
an ox which has been worked two years sel) for 
four nishkas, what will one, which has been worked 
six years, cost ? 

lst Statement: I6 82 20. Answer: 252 nishkas 
2nd Statement: 2 4 6. Answer: l4 nishka. 

[Let « denote the cost in the first cxample. Then 
the greater is the age, the smaller is the cost, we have the 


proportion, 
MOR BO 2 a 8 BE. 
Whence ४ = = =253. 


Similarly the second example as well as those in the 
next two articles may be worked out.] 

77. Example of touch and weight of gold. Ifa 
gadydnaka of gold of the touch of ten may be had 
for one nishka (of silver), what weight of gold of 
fifteen touch may be bought for the same price ? 

Statement: I0 ] 5. Answer 2. 


78. Example of subdivision of heaps. A heap 
of grain having been meted with a measure con- 
taining seven ddhakas, if a hundred such measures 
were found, what would be the result with one con- 
taining five ddhakas? 

Statement: 7 300 5. Answer 440, 
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79. Rule of compound proportion’: one stanza. 


In the method of five, seven, nine or more’ terms, 
transpose the fruit and divisors’; and the product 
of the larger set of terms, being divided by the 
product of the less set of terms‘, the quotient is 
the produce sought). 

[This is praetically the same rule, rather incompletely 
stated, for solving problems involving the Double Rule of 


2 (A more literal translation would be, “Rule of Five and so forth,” the 
word in the original being, panchardsikddau.—Ed.]. This, which is the com- 
pound Ruis of Three, comprises, according to Gancsa, two or more sets of 
three terms (irairdsika) ; or tivo or more proportions(anupdta), as Stirya- 
dása observes. Thus the rule of five (pancha-raésika) comprises two propor- 
tions ; that of seven (sapta-rdsika) three ; that of nine (nava-rasika) four ; 
and that of eleven (ekádasa-rásika) five, 

Meaning eleven. Mano, and Str. 

3 Ganesa and the commentator of the Vésandé understand this last word 
(chhid, divisor) as relating to denominators of fractions; and the transposing 
of thom (if any there be) is indeed right : accordingly tho author gives 
under this rule an example of working with fractions ($ 8!), But the 
Manoranjana and Siryadasa explain it otherwise ; and the latter cites as, 
ancient commentary entitled Ganita-Aaumudi in support of his exposition. 
४ There are two sets of terms ; those which belong to the argument, and 
those which appertain to the requisition. The fruit in the first set is called 
produce of the argument ; that in the second is named divisor of the set. 
They are to be transposed, or reciprocally brought from one set to the other ; 
i.e., put the fruit in the second set, and the divisor in the first, Would it 
not be enough to say, transpose the fruits of both sets? The author of the 
Kaumudi replies, ‘the designation of divisor serves to indicate that after 
transposition, the fruit of the second set being included in the product of 
the loss set of terms, the product of the greater set is to be divided by it’. 
Some, howevor, interpret it as relative to fractions. But that is wrong : for 
the word would bo superfluous.” This explanation is not very clear,—-Ed.] 

Bahu-rési-paksha, set of many terms. That to which the fruit is 
brought is the larger set.—Gang. Or, if there be fruit on both sides, 
that, in which the fruit of tho requisition is, is the larger set.—Gan. 
Laghu-rasi-paksha, set of fewer terms. 
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Three, as that given in Mr. Barnard Smith’s work on 
Arithmetic, Art. I6i.* It is a clumsy and a purely 
mechanical rule, having no connection whatever with 
the principle of proportion, The meaning of the phrase, 
“transpose the fruit and divisors,” as explained by Ganesa, 
will appear from the foot-notes appended to the following 
articles, It should be observed here that “ the product of 
the larger set” is not necessarily the numerically larger 
product ; see the example in $82. For the meaning of the 
term “larger set,” see foot-note 3 p. 48, The phrase has 
been rather loosely used, | 


80. Example. If the interest of a hundred for 
a month be five, say what the interest of sixteen is 
for a year. Find likewise the time from the 
principal and interest; and knowing the time and 
produce, tell the principal sum. 
| i2 


Answer’: t 
Statement: 00 I6 39967 : the 
8 
z f 3 
interest is 95: 
l 
To find the time ; statement : I00 I6 
48 
5 5 
Answer’: months L2. 
‘ Transposing the fruit l a 
rausposing the + 00 6 
5 
Product of the larger set, 960. Quotient, १३:०0 48 
| Fi UD क्या 
ग 8 ] 
2 Transposing both fruits, I00 पु and tho denominator, 00 6 
4 48 5 
Product of the larger set, 4800. Quotient, टि 5 


Do, of the less set, 400 
7 
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To find the principal; statement: I00 p 
5 


Answer’ : principal ]6. 

[Worked out by the principle of proportion, the process 
will stand thus :— 

Let x denote the interest required. Then, the int. of 
l6 for ३ year=int. of 368 १2 for month; and °." witha 
given time, the interest varies directly as the principal, 
we get the proportion, 300 : 2626 32 : : 8: xz, 
whence g = 75X55 — 93, 
and the reason for the rule in § 79 is evident. Similarly 
for the other parts of the example. | 


8l. Example. If the interest of a hundred for a 
month and one-third be five and one-fifth, say what 
the interest is of sixty-two and a half for three 
months and one-fifth. 


4 6 
Statement: = 7 
25 e 
00 -; Answer': interest 7+. 
26 


[This may be worked out similarly as the preceding 
example.] 


_ oe 7 i2 

३ Transposing both fruits, 09 and the denominator, 300 
s 85 48 5 
5 


Product of the larger set, 4800. ti 
Do. of the less set 800. Quotient, I6. 


१ Transposing the fruit, $ if and the denominators, 4 6 
I00 35७ 5 3 
2a I00 395 
2 
5 26 
र 4 
Abridging by correspondent reduction on both sides, A |. and by 
2 
5 26 


82. Kxample of the kale of Seven. If eight 
best variegated silk scarfs, measuring three cubits 
in breadth and eight in length, cost of a hundred 
(nishkas) ; say quickly, merchant, if thou unders- 
tand trade, what a like scarf, three and a half 
cubits long and half a cubit wide, will cost. 


Statement: ५ Answer': Nishka 0 


drammas 4, panas 9, १६७८], cowry-shells 65. 

[Let z denote the cost required,] 

Then the area of cloth in the first case 

=8 x3 x8 sq. cubits ; 

and in the second case 

सन. 5» 3 sq. cubits, 
Hence, the quality of the cloth remaining the same, we 
get the proportion, 

89८९३:८8: ३,८४९ १: : 300 : 2. 


ce z= Lx7xixi00 
whence z= SX BXSKDKD? 


l J! 
further reduction, त न 


(2९ pet छल लल 


8 


Product of the larger set, 39. 2 छ 
Do. of the less set, बम, Quotient, 7}. 


The abridgment of the work by reduction of terms on both sides by 
their cominon divisors is taught by the M/anoranjana. 
l 


१० ७० 


t Transposing fruit and denominators 


7 


9० bo œ 


l 
I00 
Product of the larger set, 700. T 7 
Do. of the less set i 768, Quotient : 0, 34,9, 7, 6 


and the reason for the process given in the foot-note is 
evident]. 

83. Example of the Rule of Nine. If thirty 
benches, twelve fingers thick, square of four wide, 
and fourteen cubits long, cost a hundred (niéshkas) ; 
tell me, my friend, what price fourteen benches 
will fetch, which are four less in every dimension. 


Statement: +f So Answer! : nishkas 6+. 
l4 0 
30 l4 
॥()0 


(Here, putting = for the price, and proeeeding as 
above, we get the proportion, 
30 x ł2xł6xl4x24 : ।५०8&%।१:१८।0 ५ 24 : : ł00 v» 
whence z is known. ] 


84. Example of the Rule of Eleven. If the hire 
of carts to convey the benches of the dimensions 
first specified (in the preceding example), through 
a distance of one league (gavyútťř) be eight dram- 
mas; say what the cart-hire should be for bringing 
the benches last mentioned, four less in every 
dimension, through a distance of six leagues. 


+ Transposing fruit. 7 गे Abridging by l i 
१0 ]0 correspondert ] it 

30 l4 reduction on 3 l 

]00 both sides. i00 


Product of the larger set, 00, u 9) 
Do. of the less set, 6, Quotient, 65. 


2 Gavytiti, two krosas or half a yojana; it contains rather mere than 
8000 yards, and is more than 44 English miles, 


। 53 ] 


A a I2 8 
Statement: 4g 2 Answer! : drammas 8 


l4 () 

30 2) 
] 6 
8 


[Let z denote the cart-hire required. 


Then in the first case, solid content of benches=30 x L2 
x ॥6:274 x 24 cubic fingers, and they are carried through a 
distance of ॑ league; and in the second case, solid content 
of ९९९5 5८4. ०६ 8,८१2 ८ 0 ५८ 24 cubic fingers, and they 
are carried through a distance of 6 leagues, which is the 
same as a solid content of १4%>6७>%॥2>70%>24926 cubic 
fingers carried through } league; 
hence, since for a given distance, the hire will vary 
directly as the solid content of benches carried, we get 
the proportion, 
30 932)८36 १८74. % 24:८। : ५4१८8 2 १८॥0 %24५१९6 :: 8: 


त eh 
— 3428» 3 22८7 0/< 8 8 
wh ence x SOxlLSxXlG6X%i4 8 ] 


85. Rule of barter’; half a stanza. Soin barter 


२ Transposing the fruit, ]2 8 Abridging by । l 
is i correspondent न A 

7 ) न reduction on 3 i 

} : J 6 

8 both sides, g 


J 
and by further Product of the larger set, 8 


Quotient, 8, 


pami pod feet feet et 


I 

Ji 
reduction, 2 Do. of the less set, I. 
4 


* Bhanda-prati-bhindaka, commodity for commodity ; computation of 
the exchange of goods (vastu-vinimaya-ganita,—Gang.) . barter, 


[ 54 ] । 


likewise, the same process is (followed) ; transposing 
both prices, as well as the divisors.’ 


[The reason for the rule will appear from the example 
which follows]. 


86. Example. If three hundred mangoes be 
had in the market for one dramma, and thirty ripe 
pomegranates for a pana; say quickly, friend, how 
many should be had in exchange for ten mangoes, 


Statement: 36 ] Answer : ]6 pomegranates. 
300 30 
JO 


[The example involves two proportions, as Suryaddsa 
observes. 


! Gangddhara, Súryadáss and the Manoranjana so read this passage, 
hardnscha-miilye, But Ganesa and Rangandtha have the affirmative adverb 
sadahi (always) in place of the word hardnscha (and the divisors). At all 
events the transposition of denominators takes place, as usual ; and so does 
that of the lowest term or fruit, as in the Rule of Five, to which, as 
Stryad4sa, remarks, this is analogous. It comprises two proportions, thus 
stated by him from the example in the text :—"‘If for one pana, thirty 
pomegranates may be had, how many for sixteen? Answer, 480. Again, 
if for 300 mangoes, 480 pomegranates may be had, how many for ten? 
Answer, 6. Here thirty is first multiplied by sixteen and then divided 
by one ; and then multiplied by ten and divided by three hundred. For 
brevity, the prices are transposed, and the result is the same.” 


J 6 
2 Transposing the prices, 300 30 and transposing the 
I0 
l I6 
fruit, 300 30 
Io 


Product of the larger set, 4800. 
Do. of the less set, ' 300. Quotient, 0, 
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First find how many pomegranates can be had for one 
dramma or 4.6 panas. 
Putting ४ for this number, we get 
30:&/:: 4 : UO, 
०9 755 &8/0 ४४ 75, 
Hence by the question, 300 mangoes are equivalent to 
30 > 6 pomegranates. 
Then, putting # for the number of pomegranates re- 
quired, we get the proportion, 
300: 0:: 30 >॥6: 2. 
whence z= 553 770, 
and the reason for the rule in § 85 is obvious.] 


CHAPTER IV. 
INVESTIGATION OF MIXTURE.! 
SECTION ।. 

INTEREST. 

87—88. Rule: a stanza and a half? 

The argument’ multiplied by its time, and the 
fruit multiplied by the mixed quantity’s time, being 
severally set down, and divided by their sum and 
multiplied by the mixed quantity, are the principal 
and interest (composing the quantity). Or the 
principal being found by the rule of supposition 
(§ 50), that, taken from the mixed quantity, leaves 
the amount of interest. 

[The rule refers specially to the example given in § 89. 
By the word argument is meant ॥00, and by the word fruit 
is meant the interest on 00 for 4 month, or, as we would 


call it, the rate per cent, per mensem. 
Let 7 = rate per cent, per mensem, 


t = time in years. 
P = principal. 

I = interest. 

A= 


amount, 


' Misra-vyavahdra, investigation of mixture, ascertainment of composi- 
tion, as principal and interest, and so forth.—Gap It is chiefly grounded 
on the rule of proportion.—Jbid. The rules in this chapter bear reforence 
to the examples which follow them, Generally they are guestiones otros; 
problems for exercise. 

To investigate the principal and interest, the amount, time and rate 
being given.—Gan. 

’Pramdna, argument; phala, fruit (§ 70) : principal and interest. 


I! 


T gS i 
Then, 7 = =n 


Dr rxi2xź 0027 ८१,८/ 
AEE a EESLI = ३00 


टी Ax [()0) ही Axrxl2xt 
300 ।-7१८११,८/” ~ 4004+rxi2x:' 


The last two formule stated in words give the first 
part of the rule, It is evident that these formule may also 
be derived by a simple proportion, as observed by Ganesa, 


In the latter part of the rule, the principal is found by 
the author’s method of supposition, which is practically 
the same as the solution of a simple equation. ] 


89. Example. If the principal sum, with interest 
at the rate of five on the hundred by the month, 
amount in a year to one thousand, tell the principal 
and interest respectively. 


Statement: । i2 
]00 2000. 
5 


Answer’ : principal, 625 ; interest, 375. 


Or, by the rule of position, put:one ; and pro- 
ceeding according to that rule ($50), the interest 
of unity is ३, which, added to one, makes +. The 
given quantity 4000, multiplied by unity and 
divided by that (È), shows the principal 625. This, 

3 I00 multiplied by is I00;5 by i2 is 60. Their sum (60 is the 
divisor. The first number 00, multiplied by !000, and divided by 260, is 
625. The second 60, multiplied by 000, and divided by 260, gives 375 — 
Gang. 


8 


G = ter il 
taken from the mixed amount, leaves the interes 
878. 

[The second solution follows the latter part of the 


preceding rule. 


Let r denote the principal required, Then the rate 
per cent. per annum is 60, we get 


60 
E ( ii im) = 4000, 
I000 ] 
Whence r = a © 
l+: 


90. Rule!: The arguments taken into their 
respective times are divided by the fruit taken into 
the elapsed times ; the several quotients. divided 
by their‘sum and multiplied by the mixed quantity. 
are the parts as severally leunt. 

[The rule refers specially to thc examplc in § 94. 

Let z, y, z be the portions lent at +, Py, a per cent. 
per mensem, and let / = common interest ह... the 
months respectively. 

Then, g+y -+° = a, a given quantity; 

2 0 २ WS Poy SR XIX 
and A e ७० 
TOON 00 x UOMIOOX Ee 
Wee os i गल टॅ A 7 Th : Tien हि 
॥00> . a 


mx, (ळण उछठता कळ! 
ri > hy Poy X tg Pa > १४६) 


Or the principal being known, the interest inay be found by the Rule 
of Five.— Súr. 


*For determining parts of a compound sum, —Srr. 
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with similar values for y and z. Hence the rule. Ganesa’s 
explanation is practically the same as the above, but it is 
rather obscure : see foot note 3.] 

9I. Example. The sum of six less than a 
mndred nishkas being lent in three portions at 
interest of five, three and four per cent., an equal 
interest was obtained on all three portions, in 
seven, ten and five months respectively. Tell, 
mathematician, the amount of each portion.’ 


Statement : a ve il IO | 5 
I00 700 I00 
5 3 4 


Mixed amount 94. 


Answer’ : the portions are 24, 28 and 42. The 
equal amount of interest is 85. 


* Since the amount of interest on all the portions is the same, put’ 
unity for its arbitrarily assumed amount : whence corresponding principal 
sums are found by the Rule of Five. For instance, if a hundred be the 
capival, of which five is interst for a month, what is the capital, of which 
unity is the interest for seven months ? and in like manner, the principal 
sums are to be found. Thus, a compound proportion being wrought, 
the time is multiplied by the argument to which it appertains, and 
divided by the fruit taken into the elapsed time. Then, as the total of 
those principal suins is to thein severally, so is the given total to the res- 
poctive portions lent. They are thus severally found by the Rule of 
Three.—Gan. 

? Multiplying the argument and fruit by the times, and dividing cne 
product by the other, there rosult the fractions 3932, AAR, AR; or 3°, AR, 
2९ , which reduced to a common denominator and summed, make 
i332. Multiplied by the mixed amount 94, tho fractions become 255°, H 
is: nd then divided by the sum 3,482, they givo 295, 288, २३६३, or 24 

8, 42.— Mano 


t 
To find the interest, employ the Rule of Fivə ; 00. 24. Auswor, 82 
5 7 
By the same method, with all three portions, the interest comes out the 
same,—Stir. 
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92. Rule’: half a stanza. 

The contributions’ being multiplied by the 
mixed amount and divided by the sum of the con- 
tributions, are the respective fruits.’ 

[If we divide the mixed amount into parts proportional 


to the contributions, we shall gec the mixed amount as 


due to each contribution, And this amount less the 
contribution is the gain, 


Hence the reason for the rule 
is obvious, | 


93. Example. Say, mathematician, what the 
apportioned shares are of three traders, whose 
original capitals were respectively fifty-one, sixty- 
eight and eighty-five, which have been raised by 
commerce conducted by them on joint stock, to the 
aggregate amount of three hundred. 

Statement: 5l, 68, 85; sum, 204. Mixed 
amount, 300. 

Answer : 75, 00, 25. These, less the capital 
sums, are | the gains: viz., 24, 32, 40. 

Or the mixed amount, less the sum of the capitals, 
is the profit on the whole: viz., 96. This being 


+ The capital sums, their aggregate amount, and the sum of the gains 
being given, to apportion the gains.—Gan. 


2 Prakshepaka, that which is thrown iu or mixed—Gan. Joined 
together.—Súr. 


3 The principle of the rule is obvious, boing simply the Rule of Three. 
—Gan. 


If by this sum of contributions, this contribution be had, then by the 
compound sum what will be ? The numbers thus found, less the contri- 
butions. are the gains,—Ranganatha on the Vésand, 


tS 


multiplied by the contributions and divided by their 
sum, gives the respective gains: viz., 24, 32, 40. 
[The whole gain being divided into parts proportional 


to the contributions, gives the respective gains. | 


SECTION ti. 

94. Rule’: half a stanza. Divide denominators 
by numerators; and then divide unity by those 
quotients added together. The result will be the 
time of filling (a cistern by several fountains). 

{The rule refers to an example of the class given in § 95. 


Let the times in whieh the fountains can severally fill 


the cistern be a ; गा , €९., 0 a day. Then in ome day, 

the parts of the cistern filled up by the fountains severally 

are 2 j 2 , ४९, ; .. if they work together, the part filled 
by 


ù 2 & 
काल 


in one day will be = - 
ay 


the time in which the whole cistern will be Alled 


क of a day. 
ee, 


whence the reason for the rule is evident. The explana- 
tions of this rule given by the commentators are all vague 


and unsatisfactory. | 
95. Example. Sav quickly, triend, in what 
portion of a day (four) fountains. being let loose 


१ To apportion tuestime for a mixturo of springs to fill a well or cistern. 
— Gun. To solve an instance relative to fractions.—Siir. 


together, will Hilla cistern. which. if severally. 
opened, they would fill in one day, halla day. the 
third. and the sixth part. respectively. 


S t - पाका) | 
MOETEN E TN Dc 


Answer: ;-th part of a day. 


SECTION IIL 
PURCHASE AND SALE. 


96. Rule. By the (measure of the) commodi- 
lies,” divide their prices taken into their respective 
portions (of the purchase) ; and by the sum of the 
quotients divide both then and those portions 
severally multiplied by the mixed sum: the prices 
and quantities are found in their order. 

[The reason for the rule will appear from the solution 
of the example in § 97.] 


97. HKxample. I three and a halimenas’ of 
rice may be had for one dramma, and eight of 
kidney-beans‘ for the like price, take these thirteen 
hdkinis. merchant, aud give me quickly two 
t For a case whore a mixture of portions and composition of things are 
given.—Gan, Concerning measure of grain, &e.— Súr. 

a Panyu, the measure of the grain or other commodity procurable for 
tho current price in the market —Sur, and the Mano 


3 Måna ov mdnaka, a measure : secmiugly intending a particular one. 
According to Ganesa, She mdna(appurently the same as the md)is at most 
an eighth of a hári : being a cubic span Sec note to है 236. A spurious 
couplet(sce note on $ 2)makes it the modern measure of weight containing 


forty sers. 


Mudge, pnaseolus mungo : a sort of kidney-bean. 
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parts of rice with one of kidney-beans ; for we must 
make a hasty meal and depart. since my compa- 
nion will proceed onwards. 


Statement. : 


iI J ~X ESI 
ना Mixed. sum ga 


il 

J 
l 
8 
ग 


ए l द | = | te 


The prices,T, 7, multiplied by the portions, 
+, J+ and divided by the goods +. +, maker, ¥, 
the sum of which is 33. By this divide the same 
fractions 0 =; taken into the mixed sum = 2 and 
the portions +, +, taken into that mixed sum oy 
There result the prices of the rice and kidney- 
beans, + and छ of a dramma ; or ]0 kdkinis and 
l8 shells for the rice, and 2 kdkinis and 63 
shells for the kidney-beans ; and the quantities are 


T 7 , ७ ० 
छा ands of a mana of rice and kidney-beans 
respectively. . 


[Let z denote the mánas of kidney-beans, 

Then 22 will denote the mdnas of rice. 

Now the price paid = i; of a dramma ; 
22% + Hex 4 = 0 9 


है। 
Whence (न ह) = उडे, 
EEE _ ४ 
LSE fea EES 
STE 
2x3 
and 26 = ara = 5; 
Fi 8 
and the prices are, ii 3 जी 
and xt 3 उ. 
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Hence the reason for the ’rule is evident. General 
formule corresponding to the rule in § 96 may be easily 
established. It is, however, not worth while to do so. 

The example in & 98 may be worked out in a similar 
manner. | 

98. Example. H a pala of best comphor may 
be had for two nislhkas. and a pala of sandal-wood! 
for the eighth part of a dramma, and half a pala of 
alee-wood’ also for the eighth of a dramma, good 
merchant, give me the value of one nishka in the 
proportions of one, sixteen and eight ; for I wish 
to prepare a perfume. 


Statement: 32 — +. Mixed sum 6. 


शी 


Ta 
ii6 8 


Answer. Prices: drammas, lA =, = 


{ 95 
9 


Quantities :palas, |, Ta >. 


SECTION IV. 

99. Rule. Problem concerning a present of 
gems. 

From the gems subtract the gift multiplied by 
the persons ; and any arbitrary number being 
divided by the remainders, the quotients are 
numbers expressive of the prices. Or the remain- 
ders being multiplied together, the product, divided 


yzi 


१ Chandana ; santalum album 
2 Aguru ; aquillaria agallochum. 
* The problem isan indeterminate one. The solution gives relative 


values only. 
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by the several reserved remainders, gives the 
values in whole numbers. 

(The reason for the rule will appear from the solution 
of the example in § 300, to which the rule specially 
refers. | 

]00. Example. Four jewellers, possessing 
respectively eight rubies, ten sapphires, a hundred 
pearls, and five diamonds, presented, each from 
his own stock, one apiece to the rest in token of 
regard and gratification at meeting ; and they thus 
became owners of stock of precisely equal value. 
Tell me severally, friend, the prices of their 
gems. 

Statement: rub. 8; sapph. 40; pearls 00; 
diam. 5 ; gift । ; persons 4. 


Here, the product of the gift | by the persons 4, 
viz., 4, being severally subtracted, there remain 
rubies 4, sapphires 6, pearls 96, diamond ३, Any 
number arbitrarily assumed being divided by these. 
remainders, the quotients are the relative values. 
Taking it at random, they may be fractional values ; 
or by judicious selection, whole numbers. Thus, 
put 96 ; and the prices thence deduced are 24, 6, 
l, 96 ; and the equal stock 233. 


Or the remainders being multiplied together, 
and the product severally divided by those remain- 
ders, the prices are 576, 384, 24, 2304; and the 
«qual amount of stock (after interchange of pre- 
sents) is 5592. 

9 


[ 


[Let the relative values of a ruby, sapphire, pearl, and 
diamond be respectively ०, y, 2, w. Then we shall evident- 
ty get from the conditions of the problem the following 
equations :— 


89 --./ +- ४ + १९ 
h Ty +epetw 
972--2-- ७/ + १0 
= 270+ ४ -- / +- £ 


k k 

छ =96 = k. 
Putting k =L, C. M. of 4, 6, 96, ८. e., 96, we get the least 
integral values of a 4,2, w, vtz., 24, (6, ।, 96; and putting 
k=product of 4, 6, 96, we get for ४, y, 2, w, the values 576, 
384, 24, 2304. 


k 
"4.2 =6y =962 =w = k suppose ; then «= a 


The reason for the ruie in $ 99 will be evident from the 
above algebraical solution, The coefficients of 2, y, kc. in 
the final equations will be 


=the no. of the respective gems—-the no. of that gem 
given to each person x the no. of persons altogether, 


For instance, if there were 9 rubies, and each presented 2 
from his pocket to each of the rest, the coefficient of x in 
the left-hand side of the first equation would have been 
3 ; and that of vin the right-hand side would have been 
2 ; thus the coefficient of x in the simplified equations 
would have been ३, ze., 9— 4x2, which agrees with the 
rule in § 99. 


Súryadása cites the Vija-gani/a for the solution of the 
problem, Ranganatha gives an arithmetical explanation 
which, however, is not quite clear. 


{ छ] 
SECTION ४. 
ALLIGATION.! 


IOI. Rule. The sum of the products of the 
touch’ and (weight of several parcels)’ of gold being 
divided by the aggregate of the gold, the touch of 
the mass is found : or (after refining) being divided 
by the fine gold, the touch is ascertained ; or divi- 
ded by the touch, the quantity of purified gold is 
determined. | 

[This is simply the ordinary rule for alligation 
medial. We may consider the prices per mdsha of the 
several kinds of gold as proportional to the fineness. The 
reason for the rule is obvious. ] 

i02—l03. Example. Parcels of gold weighing 
severally ten, four, two and four mdshas, and of the 
fineness of thirteen, twelve, eleven and ten respec- 
tively, being melted together, tell me quickly, 
merchant, who art conversant with the computa- 
tion of gold, what the fineness of the mass is. If 
the twenty mashas above described be reduced to 
sixteen by refining, tell me instantly the touch of 


॥ Suvarna-ganita, computation of gold, that is, of its weight and 
fineness ; alligation medial. 

2 To find the fineness produced by mixture of parcels of gold ; and, 
after refining, to find the weight, if the fineness be known; and the 
fineness, if tho weight of refined gold be given.—Gan. 

३ Varna, colour of gold on the touchstone ; fineness of gold deter- 
mined by that touch. See § 77. “The degrees of fineness increase as the 
weight is roduced by refining.” —Gan, 


Gang. 
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the purified mass. Or, ifits purity when refined be | 
sixteen, prithee, what is the number to which the 
twenty mdshas are reduced ? 
Statement : touch to \2 ei TIVE 
weight [0 4 2 4. 
Answer’: after melting, fineness 2 ; weight 20. 


After refining, the weight being sixteen, mashas, 
the touch is I5. The touch being sixteen, the 
weight is L5. 

]04. Rule? From the acquired fineness of the 
mixture, taken into the aggregate quantity of gold, 
subtract the sum of the products of the weight and 
fineness {of the parcels, the touch of which is 
known), and divide the remainder by the quantity 
of gold of unknown fineness ; the quotient is the 
degree of its touch.’ 

{05. Example. Eight mdshas of ten, and two 
of eleven by the touch, and six of unknown fineness, 
being mixed together, the mass of gold, my friend, 
became of the fineness of twelve; tell the degree of 
unknown fineness. 


Statement: I0 lt Fineness of the mixture l2 
8. >, 6 


2 Products ]30,.48, 22, 40. Their sum 240, divided by 20, gives 2 ; 
divided by 6, gives 5. 

2 To discover the fineness of a parcel of unknown degree of purity 
mixed with others of which the touch is knewn.—Gan, 


3 The rule being the converse of the preceding, the principle of it is 
obvious. —Rang. 


[ 09 ] 


Answer : degree of the unknown fineness 370. 


[Let « denote the unknown fineness. Then, (8+2+6) 
xl2=8xI0+2xll+6%xZz, 


8+2+6)xl2-(8 ILL 
whence २ a भक 22 aoe HOR Lu) . The reason 


for the rule in § 04 is obvious.] 


I06. Rule. The acquired fineness of the mix- 
ture being multiplied by the sum of the gold (in the 
known parcels), subtract therefrom the aggregate 
products of the weight and fineness (of the 
parcels) : divide the remainder by the difference 
between the fineness of the gold of unknown 
weight and that of the mixture, the quotient is the 
weight of gold that was unknown. 

]07. Example. Three mdshas of gold of the 
touch of ten, and one of the fineness of fourteen, 
being mixed with some gold of the fineness of six- 
teen, the degree of purity of the mixture, my friend, 
is twelve. How many mdshas are there of the 
fineness of sixteen ? 

Statement: हा a 6. Fineness of the mixture |2. 

Answer : mdsha i. 

[Let = denote the number of mdshas required. 

Then, (3----7)> 2338: 0-->4--2८>6; 
(3--)>॥2-(3>70--7 x 44) 
॥6-2 $ 
whence the rule in § 06.] 


उ To find the weight of a parcel of known fincness, but unknown 
weight, mixed with other parcels of known weight and fineness.— Gan. 


gon 


॥08. Rule. Subtract the effected fineness 
from that of the gold of a higher degree of touch, 
and that of the one of lower touch from the effected 
fineness ; the differences, multiplied by an arbitrari- 
ly assumed number, will be the weights of gold of 
the lower and higher degrees of purity respectively. 

(09. Example. Two ingots of gold, of the 
touch of sixteen and ten respectively, being mixed 
together, the gold became of the fineness of twelve. 
Tell me, friend, the weight of gold in both lumps. 

Statement : 46, 30. Fineness resulting 79. 

Putting one, and proceeding as directed, the 
weights of gold are found, mdshas 2 and 4. Assum- 
ing two, they are 4 and 8. Taking half, they 
come out l and 2. Thus, manifold answers are 
obtained by varying the assumption. 

[Let z and y be the weights required, 


Then, zx ]l6+yxl0=(x+7)xl2; 


~ Eli हा -(2-0) >»); 
z — 22770. 
y = Pen 


“. æ (2-70) k, #5८(।6-72)/, 
where ८ is any positive quantity. 
The general solution in positive integers evidently is, 
z= k, y=2k, where + is any positive integer. 
The reason for the rule in § 7.08 is obvious.] 


4 To find the weight of two parcels of given fineness and unknown 
weight,—Gan, and Súr. The problem is an indeterminate one, as is 


intimated by the author. 


L शिळे] 


SECTION Vi. 
PERMUTATIONS AND COMBINATIONS. 


II0—I2. Rulet: three stanzas. 


Let the figures from one upwards, differing by 
one, put in the inverse order, be divided by the 
same (arithmeticals) in direct order ; and let the 
subsequent be multiplied by the preceding, and the 
next following by the foregoing (result). The 
several results are the changes, ones, twos, threes, 
&८. This is termed a general rule. It serves in 
prosody, for those versed therein, to find the varia- 
tions of metre ; in the arts (as in architecture ) to 
compute the changes upon apertures(of a building); 
and (in music) the scheme of musical permuta- 
tions’ ; in medicine, the combinations of different 
savours. For fear of prolixity, this is not (fully) set 
forth. 


i T 


[The reason for the rule will appear from the solution 
of the example which follows.] 


१ To find the possible permutations of long and short syllables in 
prosody ; combinations of ingredients in pharmacy ; variations of notes, 
&o., in music ; as well as changes in other instauces.— Gan. 

2 According to Ganesa, there is no demonstration of the rule, besides 
acceptation and experience. [This however, is not correct,—Ed.] 


3 Commentators appoar to interpret this as a name of the rule here 
taught ; sidhérana, or séddhdrana-chhandogantta, genaral rulo of prosodian 
permutation, subject to modification in particular instances, as in music, 
where a spocial method (astdhdrana) must be applicd.—Gang. and Súr. 


+ Khanda-meru, a certain scheme.—Gan. It is more fully explained 
by other commontators ; but the translator is not sufficiently conversant 
with the theory of music to understand the term distinctly. 
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]]3. A single example in prosody. In the per- 
mutations of the Gdyatri metre,’ say quickly, 
friend, how many the possible changes of the 
verse are; and tell severally, how many the 
permutations are with one, (two, three,) &c., long 
syllables. 


Here the verse of the Gayatri stanza comprises 
six syllables. Wherefore, the figures from one to 
six are set down, and the statement of them, in 


ह ह ० 054839 मु 
ect and inverse order is I93456- Proceed- 


ing as directed, the results are :—changes with one 
long syllable, 6 ; with two, l6 ; with three, 20 ; with 
four, I5 ; with five, 6 ; with six, | ; with all short, |. 
The sum of these is the whole number of permuta- 
tions of the verse, 64. 


In like manner, setting down the numbers of the 
whole tetrastic, in the mode directed, and finding 
changes with one, two, &c., and summing them, 
the permutations of the entire stanza are found, 
viz., 677726. 


In the same way may be found the permuta- 
tions of all varieties of metre, from Ukthd (which 
र समम प्र ललम 

* The Gayatri metre in sacred prosody is a triplet comprising twenty- 
four syllables, as in the famous prayor containing the Brahmnical creed, 
called Géyatri (Rigveda, Mandala 3, súkta 62, rik, 0.—Ed.] Sec As. Ros., 
vol. X, p. 463. But in the prosody of profane poetry, the same number of 
tyllables is distributed in a tetrastic ; and the verse consequently contains 
six syllables. (As. Res., vol. X, p. 469.) 
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consists of monosyllabic verses} to Utkritz (the 
verses of which contain twenty-six syllables). 


[In the Gédyatri metre, the number of syllables is 6. 
In finding the number of changes with one long and the 
rest jive Short syllables, we have to find the permutations 
of 6 things taken all at a time, when one of them is of 
one kind, and the rest, of another kind, Hence the 


6 

number of changes = re » which is precisely the 
number of combinations of 6 things taken l ata time, 
Similarly, in finding the number of changes with fwo 


long, and therefore the rest four short, we get the 


number = „and so on; thus finally the total 


6 
Bg 
number of changes=sum of combinations of 6 things 
taken ।, 2, 3, 4,5, 6, at a time+i (with all short sylla- 
bles) =(2 -)-- =64. 


Hence the reason for the rule is clear. 


If the aggregate number of changes only is wanted, 
this can be found at once from the proposition, viz., the 
total number of combinations of n things taken ],2, 
3... .nat a time=2"—i (see Todhunter’s Algebra, art. 
5.5). This proposition is given in a concrete shape in 
§ 330-3837, 

Similarly, taking the whole tetrastic, t.e., 24 syllables, 
the total number of changes =(2"—)+ (with all short 
syllables) --5677726.]. 


t As, Res, vol. X, pp. 468—473. 
iO 


| 


॥१4. Example. In a pleasant, spacious and 
elegant edifice, with eight doors,’ constructed by a 
skilful architect, as a palace for the lord of the land, 
tell me the permutations of apertures taken one, 
two, three, &0. Say, mathematician, how many 
are the combinations in one composition, with 
ingredients of six different tastes, sweet, pungent, 
astringent, sour, salt and bitter, taking them by 
ones, twos, threes, &c. 

Statement, first example : 

9) है है) 98 ८६ ह ७ ही 

2345678 

Answer: the number of ways in which the 
doors may be opened by ones, twos, threes, &c., is 
8, 28, 56, 70, 56, 28, 8, l, respectively. And the 
changes on the apertures of the octagonal palace’ 
amount to 285. 

Statement, second example : 

65432 7 

१।285456 

Answer: the number of various preparations 
with ingredients of divers tastes is 6, 5, 20, 5,. 
6, l5 | 

१ Múshá, aperture for the admission of air; a door or window; 


(same with gavdksha—Gan.) A portico or terrace, (bhúmi visesha.— 
Gang. and Sur.) 

१ The variations of one window or portico open (or terrace unroofed) 
and the rest closed ; two open, and the rest shut ; and so forth. 

२ Amara-kosha, swarga-varga, 47. 

५ An octagonal building, with eight doors or windows or porticos or 
terraces facing the eight cardinal points of the horizon, is meant—Gan. 

Total number of possible combinations is 63.—Gang. 
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{In the first example, the total number of variations 
च2२४- २555. The case of all the windows being shut 
is not taken into account ; otherwise the total number of 


variations would be 256, 

The second example from its very nature is a case of 
combinations and not of permutations, z.e., we have to 
find the number of combinations of 6 things taken , 2,...6 
The rule in § 0--32, however, equally 


at a time, 
The total number 


applies, as has been explained above, 
of combinations in this case = 26 -- =63.] 


CHAPTER ४. 
PROGRESSIONS.’ 


ea आळ a 


SECTION l. 
ARITHMETICAL PROGRESSION. 
l5. Rule? Half the period’ multiplied by the 
period added to unity, is the sum of the arithmeticals 
one, &c., and is named their addition. This, being 
multiplied by the period added to two, and being 
divided by three, is the aggregate of the additions.” 


7 Sredh}, a term employed by the older authors for any set of distinet 
substances or other things put together,—Gan. It signifies sequence or 
progression. Sredhi-vyavahdra, ascertainment or determination of progre- 
ssions, 

2 To find the sum of the arithmeticals.—Guan. 

३ Pada, the place.—Gan. Any one of the figures or digits, being that 
of which tho sum is required.—Súr. The last of the numbers to be 
summed.—Mano. See below, note to 239. 

+ Sankalita, the first sum or addition of arithmeticals. Sankalitaikya, 
aggregato of additions, summed sums or second sum. 

5 The first figure is unity. The sum of that and the period being 
halved, is the middle figuro. As the figures decrease bobind it, so they 
increase before it : wherefore the middle figure, multiplied by the period, 
isthe sum of the figures one, &c., continued to the period. The only 
proof of the rule for the aggregate of sums is acceptation—Gan. [This 
last remark is not correct, The proof of tho formula for the sum of the 
first n arithineticals given by Ganesa does not apply where n is oven, but 
requires to be modified. In that case, the sum of any two terms equi- 
distant from the first and last = रस ; whence the sum of n terms evi- 


dently = T (r+l)—Ed.] It is a maxim, that a number multiplied by 
the noxt following arithmetical, and halved, gives tho sum of the preceding, 


|] 


Pea D de Booo % terns ह रोबर : 


By “ the aggregate 

of the additions,” the author evidently means the sum 

of n terms of the series whose nth term is 4 n (कन), in 

other words, the sum of n triangular numberse This sum 
१ (७-०) n+2 


VO जा a See Todhunter’s 


Algebra, Art, 666, The reason for the rule is obvious.] 

॥॥6. Example. Tell me quickly, mathematician, 
the sums of the several (progressions of) numbers 
one, &c., continued to'nine ; and the summed sums 
of those numbers. 

Statement : arithmeticals : 23 456789. 

Answer : sums : | 3 6 I0l52I 28 36 45. 

Summed sums: 4 4 0 20 35 56 84 20 ]69. 

II7. Rule’ Twice the period added to one and 
divided by three, being multiplied by the sum (of 
the arithmeticals), is the sum of the squares. The 
sum of the cubes of the numbers one, &c., is pro- 
nounced by the ancients equal to the square of the 
addition. 


[Lap 2? ....-- pnt = da 


॥ 


१९ (॥-+- 2n+l 
कक क ` 


2 
L342? + sce fn? = (प) > See Todhunter’s 


Algebra, Arts. 460, 462.] 


wherefore, &c,—Sur. Kamaldkara is quoted by Rangan4tha for a demons- 
tration grounded on placing the numbers of the series in the reversed 
order under the direct one and adding the two scries—[the same proof 
as that given in modern works on Algebra.—Ed.] 

To find the sums of squares and of cubes.—Gan, and Súr. 
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l]8. Example. Tell promptly the sum of the 
squares, and the sum of the cubes, of those numbers, 
if thy mind be conversant with the way of summa- 
tion. 

Statement: 4 2 8 45 67 8 9. 

Answer : sum of squares, 285. Sum of cubes, 2025. 


iI9. Rule.’ The increase multiplied by the 
period less one, and added to the first quantity, is 
the amount of the last? That, added to the first, 
and halved, is the amount of the mean ; which 
multiplied by the period is the amount of the whole, 


and is denominated (ganita) the computed sum. 
[Consider the series a, a+b, a4+20...... The nth term 


=a+(n—k). If n be odd, middle term = ath term = 


2 oe 
es tee abae, TOON re Nis त 


th and ~— th terms, and the mean amount =average 


४२०, 7 नू 


of these two terms = दरप term + 4 of common difference 


१ Where the increase is arbitrary—Gang. In such cases, to find the 
last term, mean amount, and sum of the progression.—Súr. From first 
term, common difference and period, to find the whole amount, &c.— Gan. 

2 Adi and mukha, vadana, vaktra, and other synonyms of face—the 
initial quantity of the progression, the first term : (that, from which as an 
origin the sequence commences.—Siir.} 

Chaya, prachaya or uttara—the more (adhika—Sir.) or augment (vri- 
ddhi—Gang.) by which each term increases, the common difference. 
Antya, the last term. Madhya, the middle term. Pada or gachchha, 
the period, the number of terms : (so many days as the sequence reaches, 
—Sir.) Sarvadhana, sredhi-phala or ganita—the amount of the whole, the 
sum of the progression. It is called ganita, because it is found by computa- 


tion (yanané),—Gan. 
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2a+(n—l) 
2 


n 


sat (5 - +} = 


= {2 आ. व्वा” \ 


Thus the rule holds good whether x be odd or even, 
The author does not notice that the first part of the rule 
in§l5isonlya particular case of the present rule.] 


. And the sum ofn terms 


i290. Example. A person, having given four 
drammas to priests on the first day, proceeded, my 
friend, to distribute daily alms at arate increasing 
by five aday. Say quickly how many were given 
by him in half a month. 

Statement: initial quantity 4; com. diff. 5 ; 
period l5. 

Here, first term 4. Middle term 39. Last term 
74. Sum 585. 

i2I. Another example. The initial term being 
seven, the increase five, and the period eight, tell 
me what the magnitudes of the middle and last 
terms are, and what the total sum is. 

Statement : first term 7 ; com. diff. 5 ; period 8. 

Answer : mean amount 42. Last term 42. 
Sum 96. 


Here, the period consisting of an even number 
of days, there is no middle day ; wherefore half 
the sum of the days preceding and following the 
mean place, must be taken for the mean amount : 
and the rule is thus proved. 

[See note to § 9.] 


3 To exhibit an instance of an even number of terms, where \there can 
consequently be no middle term (but a mean amount).—Gan, 
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{22. Rule’: half a stanza. The sum of the pro- 
gression being divided by the period, and half the 
common difference multiplied by one less than the 
number of terms, being subtracted, the remainder 
is the initial quantity.” 

[s= 5 { 2a+(u— iy) { a+ 


whence the rule | 


2 | हि E 


I23. Example. We know the sum of the pro- 
gression, one hundred and five; the number of 
terms, seven ; the increase, three ; tell us, dear boy, 
the initial quantity. 

Statement : com. diff. 3 ; period 7 ; sum 09. 

Answer : first term, 6. 

Rule’ ; half a stanza.’ The sum being divided 
by the period, and the first term subtracted from 
the quotient, the remainder, divided by half of one 
less than the number of terms, will be the common 
difference,’ 


[= nat ae } se {= =a i ads /, whence the 
rule. ] 


]24. Example. Onan expedition to seize his 
enemy’s elephants, a king marched two yojanas 


il 


The differcnce, period and suin being given, to find the first term. 
—Gan. and Sur 
The rule is the converse of the preceding. —Gan. and Súr 
The first term, period and sum being known, to find the common 
difference which is unknown.—Gan. 
* Second half of one, the first half of which ‘contained the preceding 
rule, § ।२१ 
५ This rulo also is converse of the foregoing. —Gun. 


ae 


the first day. Say, intelligent calculator, with what 
increasing rate of daily march he proceeded, he 
reaching his foe’s city, a distance of cighty yo/anas, 
in a week. 

Statement : first term 2 ; period 7 ; sum 80. 

Answer : com. diff. 27. 

I95. Rule? From the sum of the progression 
multiplied by twice the common increase, and 
added to the square of the difference between the 
first term and half that increase, the square root 
being extracted, this root less the first term and 
added to the (above-mentioned) portion of the 
increase, being divided by the increase, is pro- 
nounced’ to be the period. 

[The translation is rather obscure. A clearer ren- 
dering would be as follows:—“The sum of the progression 
multiplied by twice the common increase, being added to 
the square of the difference between the first term and 
half that increase, the square root of the result is extract- 
ed ; this root less, &c.”’ 


We bave n = = । 20-4- (7 - ys) ; 


whence n = ——— =- ठर 


(Todhunter’s Algebra, Art. 454) 


met (es 2x6 
= A -aty । (a- PE fh 25) » whence the 


२ The first term, common difference and sum being’ known, to find the 


period which is unknown.—Gan. 
*By Brahmagupta and the rest.—Gan. 
The rules are substantially the same ; tho square being complotod for 
the solution of the quadratic equation in the manner taught by Sridhara 
(cited in Vija-ganita, $ 43]) and by Brahmagupta. 


ll 


rule, the upper sign only being taken by the author, He 
does not discuss the meaning of the ¢wo values of n.] 

i28. Fixample. A person gave three dramas 
on the first day, and continued to distribute alms 
increasing by two (a day); and he thus bestowed 
on the priests three hundred and sixty draminas : 
say quickly in how many days. 

Statement : first term 3 ; com. diff. 2; sum 360. 

Answer : period 38. 


GEOMETRICAL PROGRESSION. 


॥ 27. Rule’ : a couplet and a half. The period 
being an uneven number, subtract one, and note 
‘multipHeator’ ; being an even one, halve it, and 
note ‘square,’ until the period be exhausted. Then 
the produce arising from multiplication and squar- 
ing (of the common multiplier) in the inverse order 
from the last,’ being lessened by one, the remainder 
divided by the common multiplier less one, and 
multiplied by the initial quantity, will be the sum 
of a progression increasing by a common multiplier.’ 


‘To find the sum of a progression, the increase being a multi- 
plier.—Gan. In other words, to find the sum of an increasing geometri- 
cal progression. 9 

२ The last note is of course ‘inultiplicator.’ For iu exhausting the num- 
ber of the period (when odd) you arrive at last at unity, an uneven number. 
The proposed multiplier (the common multiplicator of the progression) is 
therefore put in the last place ; and tho operations of squaring aud multi- 
plyimg by it are continued in the inverse order of the line of the notes.— 
Gan. 

२ The effect of squaring and multiplying, as directed, is the same as tho 
continued multiplication of the multiplier for as many times as the num- 
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[Let a denote the first term and + the common ratjo. 


FE 
Whe TI, I fori bl . The first part of the 


rule is clumsily and obscurely stated. It is difficult to 
make out what the autho: means, He wants us to find 
r”, Now ifn is even and therefore of the form 2m, we 
can find 7० by first squaring r, then squaring the square, 
and soon m times. If x is odd and therefore of the form 
2nFL, we can find r” by first finding 727 as before, and 
then multiplying the result by r. This is probably what 
the author means by the words multiplying and squaring. 
see the explanation of Ganesa in the foot-notes.} 


428, Example. A person gave a mendicant a 
couple of cowry shells first, and promised atwofold 
increase of the alms daily. How many nishkas 
did he give in a month ? 

Statement : first term, 2 ; increasing multiplier, 
2; period 30. 

Answer:  2i4/7483646 cowries; |) 
nishkas, 9 drammas, 9 panas, 2 kdkinis, and 6 
shells. 

29. Example. The initial quantity being two, 
my friend; the daily augmentation, a threefold 
increase ; and the period, seven ; say what the sum 
in this case is. — 


ber of the period. For dividing by the multiplier the product of the multi- 
plication continued to the uneven number, equals the product of multipli- 
cation contiuned tu one less than the number ; and the extraction of the 
square root of a product of multiplication continued to the even number, 
equals continued multiplication to half that nutaber, Convers3ly, squaring 
and multiplying equals multiplication for double and for one more time,— 


Gan, 
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Statement : first term, 2 ; increasing multiplier, 
8 ; period, 7. 
Answer : sum, 2(86. 


30—3I. Rule: a couplet and a half. The 
number of syllables in a verse being taken for the 
period, and the increase twofold, the produce of 
multiplication and squaring (as above directed,§ I27) 
will be the number (of variations) of like verses.’ 
Its square, and square’s square, less their respective 
roots, will be (the variations) of alternately similar 
and of dissimilar verses (in tetrastics)." 

[The rule refers specially to the example in $ 32. It is 
a statement in a concrete shape of the following proposi- 


० Incidentally iutroduced in this place, showing a computation 
serviceable in prosody.—Sir and Mano. To calculate the variations of 
verse, which are also found by the sum of permutations (§3).—Gan. 

2 Sanskrit prosody distinguishes metre in which the four verses of the 
stanza are alike, or the alternate ones only so, or all four dissimilar. Asiat. 
Res., Vol. X, syn, tab., v, vi and vii. 

3 The number of possible varieties of verse found by the rule of per- 
mutation (§ll3) is the same as the continued multiplication of two : this 
number being taken, because the varieties of syllables are so many, long 
and short. Accordingly this is assumed for the common multiplier. The 
product of its continued multiplication is to be found by this method of 
squaring and multiplying (§L27) ; assuming for the period a number equal 
to that of syllables in the verse. The varicties of similar verses are the 
game as those of one verse containing twice as many syllables ; and the 
changes in the four verses are the same as those of one verse comprising 
four times as many syllables, excepting, however, that these permutations 
embracing all the possible varicties, comprehend those of like and half- 
alike metre. Wherofore the number first found is squared, and this again 
squared, corresponding to twice or four times the number of places ; 
and the roots of these squares are subtracted [for obtaining the varietios 
of alternately like and dissimilar verses respectively,—Ed.]—Gan. 
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tion :—The total number of combinations of n things 
taken, ,2,...natatime=2’—l, (See note to $ 3).] 
32. Example. Tell me directly the number 
(of varieties) of like, alternately like, and dissimilar 
verses respectively, in the metre named anushtubh,' 

Statement : increasing multiplier, 2 ; period, 8. 

Answer : variations of like verses, 256 ; of alter- 
nately alike verses, 65280; of dissimilar verses, 
429490]760. 

[The total number of syllables in the four charanas of 
the anushtubh metre being 32 (8 to each charana), the 
possible varieties of arrangements of long and short 
syllables in the metre are 252=4294967296, (See:note to 
§ I3). These evidently include cases of (a) all like, and. 
(b) alternately like charanas. To find the number of these 
cases, we find the number of varieties of the syllables in 
two charanas; which number is १६ or 65536. It is clear 
that if we place each one of these varieties under itself, 
we shall get all the cases included in (a) and (4). Hence 
the total number of cases in (६) and (4) is 65536. Of these 
the number of cases in (a) clearly is the number of varie- 
ties that may occur in one charana=2*=256, Conse- 
quently the number of cases in (0) is 65536 - 256 or 65280. 
Subtracting 65536 from 4294967296 we get 429490760, 
which is considered as the number of dissimilar verses or 
charanas. It is to be observed, however, that these last 
include cases in which the first two charanas are like, as 
also the last two; or cases in which the first two are 
like, but the last two unlike; and so forth. These cases 
are not separately considered.] 


३ Asiat. Res., Vol. X, p. 438 ; syn. tab., p. 469. 


CHAPTER VI. 
PLANE FIGURE. 
]33. Rule. A side? is assumed. The other side 


१ Kshetra-vyavahdra, determinatien of plane figure. Kshetra, as ex- 
pounded by Ganesa, signifies plane surfaco bounded by lines, straight or 
curved ; as triangle, &. Vyavahira is the ascertainment of its dimen- 
sions, as diagonal, perpendicular, area, &०. Ganesa says plane figure is four- 
fold ; triangle, quadrangle, circle and bow, Triangle (tryasra, trikona or 
tribhuja) is a figure containing (tri) three (asra or kona) anglos, and consist- 
ing of as many (0१०) sides. Quadrangle or tetragon (chaturasra, chatush- 
kona, chaturbhuja), is a figure comprising (chatur) four (asra, &c.) angles 
or sides. The circle and bow, he observes, need no definition. Triangle is 
either (jatya) right-angled, as that which is first treated of in the text; or 
it is (tribhwja) trilateral (and oblique) like the fruit of the sringdta (Trapa 
natans). This again is distinguished according as tho (lamba) perpendicular 
falls within or without the figure’: viz., antarlamba, acute-angled ; bahir- 
lamba, obtuse-angled. Quadrangle also is in the first place twofold : with 
equal, or with unequal, diagonals. [This is not a proper classification.—Ed.} 
The first of these, or equidiagonal tetragon (sama-karna), comprises four 
distinctions : st, sama-chaturbhuja, equilateral, a square ; 20. vishama- 
chaturbhuja, a trapezium ; 3d. dyata-dirgha-chaturasra, an oblique paralle- 
logram ; [this is not correct ; for a parallelogram with equal diagonals must 
be either a rectangle or a square, so that this 3d. cannot be a distinct 
3pecies.— Ed.) ; 4th, dyata-samalamba, oblong with equal perpendiculars, 
ie., a rectangle. The setend sort of quadrangle, or the tetragon with un- 
equal diagonals (vishamakarna), embraces six sorts ; lst. sama-chaturbhuja, 
equilateral, a rhombus ; 2d. sama-tribhuja, having three equal sides ; 3d. 
sama-dwi-dui-bhuja, consisting of two pairs of equal sides, a rhomboid ; 
Ath. sqma-dwi-bhuja, having two equal sides ; 5th. vishama-chaturbhuja, com- 
posed of four unequal sides, a trapezium ; 6th. sama-lamba, having equal 
perpendiculars, a trapezoid. The several sorts of figuros, observes the 
commentator, are fourteen ; the circle and bow being but of one kind each, 
He adds, that pentagons (panchasra), &c. comprise triangles (and are 
reducible to them). 

2 Bahu, dosh, bhuja, and other synonyms of arm are used for the leg 
of a triangle, or side of a quadrangle or polygon ; so callod, as resombling 
the human arm.—Gan. and Sur. 
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in the rival direction is called the upright,’ whether 
in a triangle or tetragon, by persons conversant 
with the subject. 

I34. The square root of the sum of the squares 
of those legs is the diagonal.” The square root, 
extracted from the difference of the squares of the 
diagonal and side, is the upright; and that, ex- 
tracted from the difference of the squares of the 
diagonal and upright, is the side.’ 

[Euclid I. 47.] 

i357. Twice the product of two quantities, 
added to the square of their difference, will be the 
sum of their squares. The product of their sum and 


२ Either log being selected to retain this appellation, the others are 
distinguished by different names. That which procoeds in the opposite 
direction, meaning at right angles, is called koti, wchchhraya, uchchhrrti, 
or any other term signifying upright or elevated. Both are alike sides of 
the triangle or of ths tetragon, differing only in assumed situation and 
name,—Gan. and;Sir. 

2 A thread or oblique line from the two extremities of the legs, joining 
them, is the karna, also termorl srudi, sravana, on any other word signify- 
ingear. Itisthe diagonal of a tofragon.—Sir., Rang, &c. Or, in the 
case of a triangle, itis the diagonal of the parallelogram, whereof the 
triangle is the half: and is the hypotenuse of a riglit-angled triangle. 

3 Tho rule concerns (iétya) right-angled triangles. The proof is given 
both algebraically and geometrically by Ganosa («papatti avyakta -kriyayâ, 
proof by algebra; kshetragatopapatt:, geometrical demonstration) ; and the 
algebraical proof is alse given by Suryaddsa, Rangandtha cites one of 
those demonstrations from his brother Kamalikara, and the other from 
his father Nrisinha, in the Vértika, or critical remarks on the (Vésand) 
annotations of the Siromani ; and coasures the Sringéra-tilaka for deny- 
ing any proof of the rule besides experience. Bhaskara has himself given 
a demonstration of the rule in his Vija-ganita, § 46. 

५ A stanza of six charanas of anushtubh metre. 
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difference will be the difference of their squares : as 
must be everywhere understood by the Intelligent 
calculator. 

[200 +(a— 0) =a? ८2. 

(oD) ।) 2, 
Geometrical proofs of these formule are furnished by 
Bue. IL 5 and 9, The object of introducing them here is 
to facilitate the calculations required in $ 43% ,] 


436, Example. Where the upright is four and 
the side three, what is:the hypotenuse ? Tell me 
also the upright from the hypotenuse and side ; 
and the side from the upright and 
hypotenuse. 


Statement : side 3 ; upright 4. : 


Sum of their squares 25. Or, the product of the 
sides, doubled, 24; square of the difference, I ; 
added together, 25. The square root of this is the 
hypotenuse 3. 

Difference of the squares 5 and 
8is l6. Or the sum 8 multiplied 


3 
by the difference 2, makes l6. Its N 
square root is the upright 4. 
Difference of squares, tound as 
before, 9. Its square root is the a N 


side 3. 


! Ganoga hero also gives both an algebraic anda geometrical proof of 
the latter rule ; and an algebraieal one only of the first. See Vija-ganitu 
undor § 48, whence the latter demonstration is borrowed ; and § 47, 
where tho first of the rules is given and demonstrated. 
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I37. Example. Where the side measures three 
and a quarter, and the upright, as much ; tell me 
quickly, mathematician, what the length of the 
hypotenuse is. 

Statement : side 4’ ; upright +7. Sum of the 


squares #32 or +§°. Since this has 

no (assignable) root, the hypo- 7 
tenuse is a surd. A method of > 
finding its approximate 7000 re 


follows :— 

॥38. Rule. From the product of numerator 
and denominator,’ multiplied by any large square 
number assumed, extract the square root: that, 
divided by the denominator taken into the root of 
the multiplier, will be an approximation 

The square of the above hypotenuse, +$% is pro- 
posed). The product of its numerator and denomi- 
nator is 4352. Multiplied by a myriad (the square 
of a hundred) the product is 38920000). Its root is 
3677 nearly.” This divided by the denominator 
taken into the Square root of the multiplier, viz., 
800, gives the approximate root 4377. It is the 
hypotenuse. So in every similar instance. 
| Z _ ४८2८४ Vax 8 > ८? 

b b bc 

The object of multiplying ithe product of numerator 
and denominator by a large square number (being some 
power of ten, as the above process shows), and then 


3 Tf the surd be not a fraction, unity may be put for the deuominator, 
and the rule holds good.—Gan. 
* The remainder being unnoticed. 


॥2 


या 


taking the square root approximately is practically to 
get the square root to a certain number of decimal places. 
Bhaskara, however, does not use the decimal notation 
which was probably not known in his time, and expresses 
the result as a fraction. In the above example, the result 
obtained will be found to be correct to two decimal 
places. ] 


I39. Rule.’ A side is put. From the multiplied 
by twice some assumed number, and divided by 
one less than the square of the assumed number, 
an upright is obtained. This, being set apart, is 
multiplied by the arbitrary number, and the side as 
put is subtracted ; the remainder will be the hypo- 
tenuse. Such a triangle is termed right-angled.” 


[Let ४ denote the given side, and n the assumed 
number. 


Then proceeding by the rule, we get for upright 


2an _ RS l To a 
and | का for hypotenuse. To verify 
2an 3 
this we have a? + (os e { -ian } 
a? (१+ १) mati? तू बे 
या ( i The proof of this rule 


given by Suryadasa shows how these expressions for the 
upright and hypotenuse are arrived at, although it is 
rather difficult to follow it, The quantities 2n, ११-३३, 


4 Either the side or upright being given, to find the other two sides.— 
Str, To find the upright and hypotenuse from the sido ; or the side and 
hypotenuse from the upright.—Gau. The problem is an indeterminate 
one, as is intimated by the author. 

[ ? Celebrooke uses the word rectangular, But the more usual word in 
modern goometry is ryht-angled,—Ed.] 


Ff ff i. 


nil may be taken to represent the upright, side and 
hypotenuse of a right-angled triangle, because (2n)?+ 
(n— I) =(n2yl) Now consider another right-angled 
triangle similar to the above, the side being a. Then, 
since the sides of the two triangles are proportional, the 
200 | 
n?— Í 
Again, as nxupright of the first triangle =its side +its 
hypotenuse, so n xupright of the second triangle = its 


upright of the second triangle will obviously be 


side+its hypotenuse. Thus, nx aoe = a+hypotenuse, 
whence hypotenuse = n X = —a, Thus we see 


how the expressions are got.] 


i40. Ora side is put. Its square, divided by an 
arbitrary number, is set down in two places: and 
the arbitrary number being added and subtracted, 
and the sum and difference halved, the results are 
the hypotenuse and upright.’ Or, in like manner, 
the side and hypotenuse may be deduced from the 
upright. Both results are rational quantities. 

[Let a denote the given side, and n the assumed 
number 


2 
Then by the rule we have 4 = te n} for hypotenuse, 


१ Assume any number for the difference between the upright and 
hypotenuse. The difference of their squares (which is equal to the square 
of the given side) being divided by that assumed difference, the quotient 
is the sum of the upright and hypotenuse. For the difference of the 
squares is equal to the product of the sum and difference of tbe roots 
($ 35). The upright and hypotenuse are therefore found by the rule of 
concurrence (§ 55).—Gan, 
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3 
and 4 (= = ) for upright. To verify this we have 


TEE (0 00300) (यी 
G n? pen An? ET 0 ( n sh 


Ganesa gives an elegant demonstration of this rule, based 
on the fact that the assumed number 7 is the difference 
between the hypotenuse and upright, as is obviously the 
case. See foot-note.] 


I4I. Example: The side being in both cases 
twelve, tell quickly by both methods, several up- 
rights and hypotenuses, which shall be rational 
numbers. 


Statement : side I2; assumption 2. The side, 
multiplied by twice that, viz., 4,is 48. Divide by 
the square of the arbitrary number less one, vrz., 3, 
the quotient is the upright 46... This upright multi- 
plied by the assumed number is 32, from which 
subtract the given side; the remainder is the 
hypotenuse 20. 


Assume 3. The uprignt is 9, and the hypote- 
nuse 8. Or, putting 5, the upright is 5, and the 
hypotenuse 3. 


By the second method: the side, as put, 79. 
Its square }44. Divide by 2, the arbitrary number 
being 2, the quotient is 72. Add and subtract the 
arbitrary number, and halve the sum and difference. 
The hypotenuse and upright are found, vz., hypote- 
nuse 87, upright 88. 
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Assume 4. The upright is 46, and the hypo- 
tenuse 20. Assuming 6, the upright is 9, and the 
hypotenuse 5.' 

१42. Rule.” Twice the hypotenuse taken into 
an arbitrary number, boing divided by the square 
of the arbitrary number added to one, the quotient 
is the upright. This taken apart is to be multi- 
plied by the number put : the difference between 
the product and the hypotenuse is the side, 


[Let adenote the hypotenuse, and n the assumed number 


a ७ र 2 an 2 
Then, by the rule, the upright is wel and the side, 

2an? _ गरन F 2an \? nz — i) S The 
nl nl ea (a FT) (८४० TA 


proof of this rule given by Súryadása is exactly similar 
to that of the rule in §39. See note to &339] 

345. Example. The hypotenuse being meas- 
ured by eighty-five, say promptly, learned man, 
what uprights and sides will be rational. 

Statement : hypetenuse 85. This doubled is 
]70, and multiplied by an arbitrary number two is 
340. This, divided by the square of the arbitrary 
number added to one, viz., 5, is the upright 68. 
This upright multiplied by the arbitrary number 
makes !36; and subtracting the hypotenuse, the 


! In like manner, if the upright be given १6, its square 256 divided by 
the arbitrary number 2 is 3228. The arbitrary number, subtracted and 
added, makes I26 and I30; which halved give the side 63, and the 
hypotenuse 65.—Gang. and Sár. 

2 From the hypotenuse given, to find the side and upright in rational 
numbers,—Gan. The problem is an indeterminate one. 
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side comes out 5l. Or putting four, the upright 
will be 40, and the side 75. 


l44. Rule. Or else the hypotenuse is doubled 
and divided by the square of an assumed number 
added to one. The hypotenuse less that quotient 
is the upright. The same quotient multiplied by 
the assumed number is the side.' 

The same hypotenuse 85. Putting two, the 
upright and side are 5l and 68. Or, with four, 
they are 75 and 40. 

Here the distinction between side and upright 
is in name only, and not essential. 


[Taking aand n as in $ ।4२, we get a— हे a 273 
700 सन्य. nl 
for upright, and for side. Verification as in § 42. 


To see how these expressions are arrived at, take 2n, ४१ -- 7. 
and n?+4- for the side, upright and hypotenuse of a right- 
angled triangle, and proceed as in § 339, note.] 


345. Rule” Let twice the product of two 
assumed numbers be the upright; and the diffe- 
rence of their squares, the side: the sum of their 
squares will be the hypotenuse, and a rational 
number. 


3 This and the preceding rule are founded on the same principle, differ- 
ing only in the order of the operation and names of the sides: the same 
numbers come out for the side and upright in one mode, which were 
found for the upright and side by the other. 

3 Having taught the mode of finding a third side fromm any two of 
hypotenuse, upright and side; and in like manner from one, the other 
two ; the author now shows a method of finding all three rational (none 
being given).—Gan. The problem is an indeterminate one, 
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[Let a and 4 be the assumed numbers. 

Then 2a% is the upright, and a?—b? the side. The 
hypotenuse is J(2ab)? +a -- 47)? =a? -- 8, 

Thus the three sides are all rational. Ganesa gives a 
proof of this rule after the manner of the Vija-ganita ; 
but it is very obscure and cannot be easily followed.] 


I46. Example. Tell quickly, friend, three 
numbers, none being given, with which as upright, 
side and hypotenuse. a right-angled traingle may 
be (constructed). Let two numbers be put, । and 
2. From these, the side, upnght and hypotenuse 
are found, 4, 3,5. Or, putting 2 and 3, the side, 
upright and hypotenuse deduced from them are, 
१४, 5, 43. Or let the assumed numbers be 2 and 
4 : from which will result l6, i2, 20. In like man- 
ner, manifold (answers are obtained). 

I47. Rule. The square of the ground intercept- 
ed between the root and tip is divided by the (length 
of the) bambu, and the quotient severally added to, 
and subtracted from, the bambu : the moieties (of 
the sum and difference) will be the two portions of 
it representing hypotenuse and upright.’ 

2 The sum of hypotenuse and upright being known, as also the side, to 
discriminate the hypotenuse and upright.—Gan. 

१ The height from the root to the fracture is the upright. The remain- 
ing portion of the bambu is the hypotenuse. The whole bambu, therefore, 
is the sum of hypotenuse and upright. The ground intercepted betwoen 
the root and tip is the side ; it is equal to the square root of the difference 
between the squares of the hypotenuse and upright, Hence the square of 
the side, divided by the sum of hypotenuse and upright, is their difforence 
($ I35). With these (sum and difference) the upright and hypotenuse are 
found by tho rule of concurrence ($ 55),—Gan. 


oe 


[The rule bears reference to the example which follows. 
Let a denote the height of the bambu, b, the distance 
between root and tip, and > the height at whieh the 
bambu is broken. 
Then, 0?=(a~ x)? — 2? 
0 
5.0 VoD = (a il ) sort 
2 
RR 
४.८. =a 00) a 


also & २(ढ- रन ळक, identically. 


72 ie 
Hence x(a जीर -) =a— v or hypotenuse, and 4 (a a= =) =2 Or 
१ ८ 2 @ i 


:upright, whence the rule. The above proof is the same 
as that given by Ganesa. See foot-note.] 


48. Example. Ifa bambu, measuring thirty- 
two cubits and standing upon level ground, be 
broken in one place by the force of the wind, and 
the tip of it meet the ground at sixteen cubits : 
say, mathematician, at how many cubits from the 
root it is broken. 

Statement. Bambu .32. In- 
terval between the root and tip Ne 
of the bambu, I6. Itis the side 
of the triangle. Proceeding as D 
directed, the upper and lower 
portions of the bambu are found 
to be 20 and 2. 

49. Rule. The square (of the height) of 


+ Tho sum of the side and hypotenuse being known, as also tho upright, 
to discriminate the hypotenuse and sido.—Gan. The rule bears reference 
to the example which follows. The principle is the same as that of the 
preceding rule, 
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the pillar is divided by the distance of the snake 
from his hole ; the quotient is to be subtracted 
from that distance. The meeting of the snake 
and peacock is from the snake’s hole half the 
remainder, in cubits. 


50. Example. A snake's hole is at the foot 
of a pillar, nine cubits high, and a peacock is 
perched on its summit. Seeing a snake at the 
distance of thrice the pillar gliding towards his hole, 
he pounces obliquely upon him. Say quickly at 
how many cubits from the snake’s hole they meet, 
both proceeding an equal distance. 

Statement. Pillar 9. It is 
the upright. Distance of the ee 
snake from his hole, 27. It is the 2 क्षणा 
sum of hypotenuse and side. 


Proceeding as directed, the distance between the 
hole and the place of meeting is found to be Ils 
cubits.’ 

[The principle of the rulein $ 349 is, as Coiebrooke 
observes, and as is also evident from the example in § 50, 
the same as that of the rule in $ 247, The peacock is 
supposed not to change his direction, and to pounce in 
such a direction that the distance traversed by him being 
the hypotenuse of a right-angled triangle, is equal to the 
distance traversed by the snake. Practically, however, 
sucha thing does not happen; but the bird of prey 


+-Subtracted from the sum of hypotenuse and side, this leaves 46 for 
the hypotenuse. The snake had procecdcd the same distance of I5 cubit 
towards his hole, as the peacock in pouncing upon him. Their progress is 
therefore equal.—Sur. 


58 
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changes its direction at every instant, and describes a 
curved path known as the curve of pursuit. See Tait 
and Steele’s Dynamics of a Particle, Art. 33. 

Let a denote the distance of the snake from the hole, 
b the height of the pilar, and z the distance required. 


2 

Then, 42 =(a— z)? —«?, whence as in § 74, z= 4 (« = 4) 
Hence the rule. | 

i5I. Rule The quotient of the square of 
the side divided by the difference between the 
hypotenuse and upright is twice set down ; and 
the difference is subtracted from the quotient (in 
one place) and added to it (in the other). The 
moieties (of the remainder and sum) are in their 
order the upright and hypotenuse.’ 

This’ is to be generally applied by the intelli- 
gent mathematician. 

[The demonstration of the rule on § L47 applies to 
this rule as Ganesa observes. 


Let a denote the difference be- 
tween hypotenuse and upright, ८ the 
side, and « the upright. 

Then, b? =(a+2)?—2?, whence as 


3 
NER = (7-१), CRE, = 


a 


9 
१ +a). Hence the rule. ] 


7 The difference betweon the hypotenuse and upright being known, as 
also the side, to find tho upright and hypotenuse.—Gan. 

3 The demonstration, distinctly set forth under a preceding rule, is 
applicable to this,—Gan. 


3 Beginning from the instance of the broken bambu (§ [470) and includ- 
ing what follows.—Gan. 
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752. Friend, the space between the lotus (as it 
stuod) and the spot where it submerged, is the side. 
The lotus as seen (above water) is the difference 
between the hypotenuse and upright. The stalk 
is the upright, for the depth of water is measured 
by it. Say, what the depth of the water is. 


358. Example’ In a certain lake swarming 
with ruddy geese’ and cranes, the tip of a bud of lotus 
was seen a span above the surface of the water. 
Forced by the wind it gradually advanced, and was 
submerged at the distance of two cubits. Compute 
quickly, mathematician, the depth of the water. 


Statement. Diff. of hypo- $ z 
tenuse and upright, 3 cubit. 
Side 2 cubits. Proceeding as S pAr 


directed, the upright is found प. 
It is the depth of the water. Adding to it the 
height of the bud, the hypotenuse comes out अ. 
[Let O be the root of the lotus, 4 
its tip, and C the point on the surface A 
of the water where it is submerged, 
Then, while it advances by the force ‘ea ह 
of the wind, 0 remains fixed, and the 
© 


lotus describes an arc of a circle, of 
which 0 is the centre, and QA the 


३ The sides constituting the figure in the example which follows, are 
here set forth, to assist the apprehension of the student.—Sir, and Gan, 

(This example is inserted in Barnard Smith’s Arithmetic, Appendix, 
p. 300.—Ep. ] 

> Anas Casarca, 
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radius. Hence 0९504. Then, ast the author himself 
explains in § I52, the solution will follow from the 
method of § 5, where we have only to substitute } for 
a, and 2 for å. ] 


I54. Rule.’ The height of the tree multiplied by 
its distance from the pond, is divided by twice the 
height of the tree added to the space between the 
tree and the pond : the quotient will be the mea- 
sure of,the leap. 

[The rule refers to the example which follows. 

Let D be the top of the tree, and C 
B the position of the pond. The first D 
ape is supposed to descend from D to 
A, and then to go from 4 to B ; while i 
the second ape is supposed to jump 
vertically upwards from D to C, and áb B 
then to leap directly from C to B. Now let DA =a, AB =b, 
and CD=z, which is required. Then by the question, we 
have z + (यकी? =a+ ह 

c. (a+r) +53 =(a+ 6)? - 2(०-4- 0) 22, 


whence PR . Hence the rule. 
2५--7 ] 


]55. Example. From a tree a hundred cubits 
high, an ape descended and went to a pond two 
hundred cubits distant : while another ape, vaul- 
ting to some height off the tree, proceeded with 
velocity diagonally to the same spot. If the 


! The sum of the hypotenuse and upper portion of the upright being 
given, and the lower portion being known, as also the side; to discriminate 
the upper portion of the upright from the hypotenuse.—Gan. As in 
several preceding instances, a reference to the example is requisite to the 
understanding of the rule. 


[ छा j 


space travelled by them be equal, tell me quickly, 
learned man, the height of the leap, if thou have 
diligently studied calculation. 


Statement. Tree I00 cubits. Distance of it 
from the pond 200. Proceeding as directed, the 
height of the leap comes out 50. 


i56. Rule.’ From twice the square of the hy- 
potenuse subtract the sum of the upright and the 
side multiplied by itself, and extract the square 
root of the remainder. Set down the sum twice, 
and let the root be subtracted in one place and 
added in the other. The moieties will be measures 
of the side and upright.’ 


[Let a denote the sum of side and up- 


right, and b the hypotenuse. Also letz , > 
denote the upright. Then we have evi- 
dently, (८- z) +g? =b? az 


१ Hypotenuse being known, as also the sum of the side and upright, or 
their difference ; to discriminate those sides.—Gan. 

3 In like manner, the difference of'the side and upright being given, the 
same rule is applicable.—Gan, [A slight variation will be necessary; see 
note to § ]58.—Ep.] The principle of the rule is this : the square of the 
hypotenuse is the sum of the squares of the sides. But the sum of the 
squares with twice the product of the sides addcd to it is the square of the 
sum ; and with the same subtracted is the square of the difference. Hence 
cancelling equal quantities affirmative and negative, twice the square of the 
hypetonuse will be the sum of the squares of the sum and difference. 
Therefore, subtracting from twice the square of hypotenuse the square 
of the sum, the remainder is the square of the difference ; or conversely, 
subtracting the square of the difference, the residue is the square of the 
sum. The square root is the sum or difference, With these, the sides are 
found by the rule of concurrence.—Gan. and Súr. 
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०५ 227-—2az+a? ११००९0, 


whence z= at ४28 - करे 
— ४282 a 
If we take the upper sign, then a— g= ह Ee Ž and 


if we take the lower sign, then a—z =+ ४303 क . Itis 
evident that we may take either sign. The reason for 
the rule is obvious, The method of solving an adfected 
quadratic equation by completing the square has been 
mentioned before, See § § 62—63. Interesting geometri- 
cal interpretations of the expressions for ~ and a@—z are 


given by Ganesa and Suryadasa, See foot-note.] 


I57. Example. Where the hypotenuse is seven 
above ten; and the sum of the side and upright, 
three above twenty ; tell them to me, my friend. 


Statement : Hypotenuse I7 ; sum of side and up- 


right 23. Proceeding as directed, the side and up- 
right are found 8 and 5. 


58. Example." Where the difference of the side 
and upright is seven, and hypotenuse is thirteen, 
say quickly, eminent mathematician, what the side 


and upright are. 
Statement : hypotenuse 43 ; difference of side and 


upright 7. Proceeding as directed, the side and 
upright come out 5 and 42. 


१ This example of a case whore the difference of the sides is given, is 
omitted by Siryadisa but noticed by Ganesa. Copies of the text vary ६ 
some containing, and others omitting, the instance, 
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[Let z denote the upright, and 
a the diff. between upright and 
side, the upright being supposed > 
side, Then a—a will denote the 


T N 
side; and we evidently have 
24 (x—@)S=b?, whence as in §56 
go? +( pee § 56, = 
“= = ; But here we 


must take the upper sign alone, Since ७-० is necessarily 
ORO T s N 3B g? 
positive. Thus we have z= N2b aha 


272 as = a 
F n . From these values it is clear that the 


» an d z-a 


rule in § I56 must be slightly varied in order to be appli- 
cable to the present case.) 

I59. Rule.t The product of two erect bambus 
being divided by their sum, the quotient is the per- 
pendicular’ from the junction (intersection) of 
threads passing reciprocally from the root (of one) 
to the tip (of the other). The two bambus, multi- 
plied by an assumed base, and divided by their 
sum, are the portions of the base on the respective 
sides of the perpendicular. 

[From similar triangles (see figure) we have 


SY 
a aty’ 

OET 
b zty’ 


उ Having taught fully the method of finding the sides in a right-angled 
triangle, the author next propounds a special problem.—Gan. To find the 
perpendicular the base being unknown.—Sur. 


३ Lamba, avalamba, valamba, adholamba, the perpendicular. 
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Loe eee 
* p (peels ॥ कि and p= CE 


Thus pis independent of x and y, provided ५ and p be 
given, 


Again, let zy =k, any assumed number. 


Hel = ni = ue 5 
b ath 
pk bk 
od = “= है 
चज yY a a+b 


This rule shows that the‘property of similar triangles: 
was known. See Bháskara’s remark at the end of § 360, 
and the proof given by Ganesa, cited in the foot-note, 
which is slightly different and more cumbrous, ] 


I60. Example. Tell the perpendicular drawn 
from the intersection of strings stretched mutually 
from the roots to the summits of two bambus 
fifteen and ten cubits high, standing upon ground 
of unknown extent. 


Statement : bambus I5, I0. The perpendicular is 
found 6. 


Next to find 
the segments 
of the base. हि A oi £ 
Let the X /० X 
ground be 7E 6 4 9 6 


assumed 8; 


the segments come out 8 and 2. Or putting !0, 
they are 6 and 4. Or taking I5, they are 9 and 6. 
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See the figures. In every instance the perpendi- 
cular is the same,' viz., 6. 

The proof is in every case by the rule of three: 
if with a side equal to the base, the bambu be the 
upright, then with the segment of the base, what 
will be the upright ?’ 

]6]. Aphorism.” That figure, though rectilinear, 
of which sides are proposed by some presumptuous 
person, wherein one side* exceeds or equals the sum 
of the other sides, may be known to be no figure. 


2 However the base may vary by assuming a greater ortless quantity 
for it, the perpendicular will always be the same.—Gan. 


2 On each side of the perpendicular, are segments of the base relative 
to the greater and smaller bambus, and larger or less analogously to them. 
Hence this proportion : ‘‘ If with the sum of the bambus, this sum of tho 
segments equal to the entire base be obtained, then, with the smaller 
bambu, what is had 7” [This proportion cannot be at once obtained easily, 
but may be got by dividing corresponding members of the first two equa- 

a+b b 


tions in the note $359, whence we have-%- > and therefore 


Ep.] The answer gives the segment which is relative to the least bambu, 
Again ६ “ If with a side equal to the whole base, the higher bambu be the 
upright. then with a side equal to the segment found as above, what is 
had ?” Ths answer gives the perpendicular let fall from the intersection 
of the threads. Here a multiplicator and a divisor equa! to the entire 
base are both cancelled as equal and contrary: and there remain the 
product of the two bambus for numerator and tLeir sum for denominator. 
Hence the rule. —Gan. 


१ The aphorism explains the nature of impossible figures proposed by 
dunces.—Sir. It serves as a definition of plane figure (kshetra)—Gan, In 
a triangle or other plane rectilinear figure, one side is always less than the 
sum of the rest. If equal, the perpendicular is nought, and there is no 
complete figure, If greater, the sides do not meet.—Sur. Containing no 
area, it iS no figure.—Kaumudi cited by Rangandtha. 

* The principal or greatest side—Gan, Kaum, Rang. 


4 
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[This follows from Euclid I. 20. Any side ofa tri- 
angle or of any polygon must be less than the sum of 
the remaining sides. Hence the numbers 2, 3, 6, L2 can- 
not represent the sides ofa quadrilateral.] 


l62. Example. Where sides are proposed two, 
three, six and twelve in a quadrilateral, or three, 
six and nine in a triangle, by some presumptuous 
dunce, know it to be no figure. 


Statement. The figures are both incongruous. 
Let straight rods exactly of the lengths of the pro- 
posed sides be placed on the ground, the incongrui- 
ty will be apparent.’ 


॥638--64. Rule’ in two couplets. In a triangle, 
the sum of two sides being multiplied by their 
difference, is divided by the base’; the quotient is 
subtracted from, and added to, the base which is 


The rods will not mest, —Súr. 


? In any triangle to find the perpendicular, segments and area, This 
is introductory to a fuller consideration of areas. Gan. and Súr. 

3 Bhimi, bht, ku,mahi or any other term signifying earth; the ground 
or base of a triangle or other plane figure, Any one of the sides is taken 


for the base, and the rest are termed simply sides. Ganesa restricts the 
term to the greatest side. See note $ 68, 


Lamba, कढ, the perpendicular. See note $459. Abádhá, abadhé, 
avabaédhd, segment of the base made by the perpendicular. These are 
terms introduced by earlier writers. These segments are internal in an 
acute-angled triangle, but external in an obtuse-angled one. Phala, 
ganita, kshetra-phala, sama-koshtha-miti: the measure of like compartments, 
or number of equal squares of the same denomination (as cubit, fathom, 
finger, &c.) in which the dimension of the side is given ; the area or 
superficial content.— Gan. and Sur. 


[ पछी) ] 


twice set down : and being halved, the results are 
segments corresponding to those sides." 

The square root of the difference of the squares 
of the side and its own segment of the base be- 
comes the perpendicular. Half the base multiplied 
by the perpendicular’ is in a triangle the exact’ 
area.‘ 


[z+y is given, as also aand 6. 
We have ७१-१३ 2? — ys 


Des 
gy? ST — ie 
Then (x + y) + (x नट y) = Bip /N 68 
and (æ+y)—(z—y)=2y ; 
and half of these results give gand y  /ण्क्र y 


Also perpendicular = ya? — z?, 
and area = 4x base x altitude, 


म The relative or corresponding segments, The smaller segment 
answers to the less side, and the larger to the greater side.—Gan. 

3 Or half the perpendicular taken into the base.—Gan. 

३ Sphuta-phala, distinct or precise area ; opposed to asphuta—or sthala- 
phala, indistinct or gross area, See § I67. 

« Demonstration. In both the right-angled triangles formed in the 
proposed triangle, one on each side of the perpendicular, this line is the 
upright ; the side is hypotenuse, and the corresponding segment is side, 
Hence, subtracting the square of the perpendicular from the square of 
the side, the remainder is the square of the segment, So, subtracting 
the square of the other side, there remains the square of the segment ans- 
wering to it. Their difference is the difference of the squares of the seg- 
ments, and is equal to the difference of the squares of the sides, since an 
equal quantity has been taken from each ; for any two quan tities less an 
equal quantity have the same difference. It is equal to the product of the 
sum ard difference of the simple quantities. Therefore, the sum of the 
sides multiplied by their differenco is the difference of the squares of the 
segments. But the base is the sum of the segments. The difference of 


WS 


‘The above is practically the demonstration given by 
.Ganesa, although it is rather long as itis expressed in 
words. ] 


l65. Example. In a triangular figure in which 
the base is fourteen and its sides thirteen and 
fifteen, tell quickly the length of the perpendicular, 
the segments, and the dimension by like compart- 
ments termed area. 


Statement base l4 ; sides 
I3 and ]5. Proceeding as ol 
directed the segments, are 75 K 
found 9 and 5, the perpendi- 
cular, 2 ; the area 84. 74 


॥66._ Example. In a triangle, wherein the 
sides measure ten and seventeen, and the base 
nine, tell me promptly, expert mathematician, the 
segments, perpendicular, and area. 


the squares, divided by that, is the difference of the segments, From 
which by the rule of concurrence (§ 55) the segments are found. 

The square root of the difference between the squares of the side and 
segment (taken as hypotenuse and side) is the upright or perpendicular. 

Dividing the triangle by a line across the 
middle (of the perpendicular), and placing 
the two parts of the upper portion disjoined 
by the perpendicular on the two sides of the 
lower portion (as in the annexed figure), an 
oblong is formed in which the half of the 
perpendicular is one side, and the base is the 
other. Wherefore half the perpendicular multipliod by the base is the 
area or number of equal compartments. Or, half the base multiplied by 
the perpendicular is just so much. In an obtuse-angled triangle also, the 
base multiplied by half the perpendicular is the area.—Gan, 


[ l09 } 


Statement : base 9 ; sides I0 and ॥४. By the 
rule in §63, the quotient found is 2]. This cannot 
be subtracted from the base ; 
wherefore the base is subtrac- 
ted from it. Half the remain- 
der is the segment, 6, and is 
negative, that is to say, in the 
contrary direction? (See figure.) Thus the two 
segments are found 6 and 38. From which, both 
ways’ too, the perpendicular comes out 8. The 
area is 36. 

[As the commentators observe, the segments of the 
base made by the perpendicular in an obtuse-angled 
triangle are external, and their algebraical sum is their 
arithmetical difference.]} 

i67. Rule” Half the sum of all the sides is set 
down in four places ; and the sides are severally 


[ The proof given by Stiryad4sa is practically the same as the above, 
and so we omit it here.—Ep. ] 

२ When the perpendicular falls without the base, as overpassing the 
angle in consequence of the side exceeding the base, the quotient found 
by the rule in § 363 cannot be taken from the base ; for both origins of 
sides are situated in the same quarter from the fall of the perpendicular. 
Therefore subtracting the base from the quotient, half the residue is 
the segment and situated on the contrary side, being negative. Whore. 
fore, as both segments stand on the same side, the smallar is comprehen- 
ded in the greater, and, in respect of it, is negative. Thus all ig 
cougruous an dunexceptionable—Gan. When the sum of the segments is 
te be taken, as they have contrary signs affirmative and negative, the 
difference of the quantities is that sum.—Sir. See Viy-gan. 85. 

2 For finding the gross area of a quadrilateral, and, by extension of 
the rule, the exact area of a triangle.—Gan. For finding the area by a 
method delivered by Sridhara—Rang. 


(or | 


subtracted. The remainders being multiplied 
together, the square root of the product is the area 
inexact in the quadrilateral, but pronounced exact 
in the triangle. 


[Let s denote the semi-perimeter of a triangle. Then 


metry, Art, 247. This rule does not apply to the case ofa 
quadrilateral, unless the quadrilateral is inscribable ina 
circle. The area of a quadrilateral in general can be shown 
to be =./{(s — a)(s—b)(s —e)(sd —)— abcd}, where a, b, c, d are 
the four sides, 2s=perimeter and 29=sum of a pair of 
opposite angles. See Todhunter’s Trigonometry revised 
by Hogg, Art, 256, In fact a quadrilateral in general is 


! Jf the three remainders be added together, their sum is equal to 
half the sum of all the sides, The product of the continued multiplication 
of the threa remuinders being taken into the sum of those remainders, the 
product so obtained is equal to the product of the square of the perpen- 
dicular taken into the square of half the base. [It is not explained how 
this is the case. The last mentioned product = 


4a? fer-la i ¢? 


3 
) } (taking 6 as base, and supposing 6 > ९, and 


’ : 4a2b% —(g2 9_ 6१११ 
applying ४63--64) = चि ह ey = ने 0 + ८) (७ + 0-८) (७-- 9 + ०) 


(8+८- 6) 58 (2-6) (s—b (s—c)=(s—a) (४-७) (४-८) (s—ats—b--s—c) 
—Ep.] It isa square quantity ; for a square multiplied by a square gives 
asquare. The square root béing extracted, the product of the perpendi- 
cular by half the base is the result ; and that is the area of the triangle. 
Therefore the true area is thus found. In a quadrilateral, the product of 


the multiplication does not give a square quantity, but an irrational one. 
fs approximate root is the area of thelfigure ; not, however, the true one : 

or, when divided by the perpendicular, it should give half the sum of the 
base and summit—Sur. [The last remark does not holl good unless the 
quadrilateral be a trapezium.— ED.) 


L i ] 


not determined by the four sides alone without an angle, 
whereas a triangle is determined by its three sides, Hence 
Ehaskara says that the expression derived from the 
above rule represents the gross area of a quadrilateral. 
See note to $$ 269--70. The proof of the rule given by 
Suryadasa is not at all clear. See foot-note]. 

I68. Example. In a quadrilateral figure, of which 
the base! is fourteen, the summit? nine, the flanks 
thirteen and twelve, and the perpendicular twelve, 
tell the area as it was taught by the ancients. 


Statement: base 74 ; summit 9; sides 8 and ॥2; 
perpendicular ३2. By the method directed, the 
result obtained is the surd 49800, of which the 


approximate root is somewhat 
less than १4. That, however, is 
not in this figure the true area. 
But, found by the method which 
will be set forth (§ 75), the true 
area is 388. 


Statement of the triangle be- 
fore instanced ($ 265) 


By the (present) method the 
area comes out the same, viz., 


84 


[69--70. Aphorism comprised in a stanza and 
a half. Since the diagonals of the quadrilateral are 


a The groatest of the four sides is called the base—Gan, This defini- 
tion is, however, too restricted. Sce $६78, 85. 

* Mukha, vadana, or any other word denoting mouth ; the side opposite 
to tho base, the summit, 


शिया 


indeterminate, how should the area be in this case 
determinate ? The diagonals found as assumed by 
the ancients! do not answer in another case. With 
the same sides, there are other diagonals; and the 
area of the figure is accordingly manifold. 

For, in a quadrilateral, opposite angles being 
made to approach, contract their diagonal as they 
advance inwards: while the other angles receding 
outwards lengthen their diagonal. Therefore it is 
said that with the same sides there are other 
diagonals. 

I7L. How can a person, neither specifying one 
of the perpendiculars, nor either of the diagonals, 
ask the rest? Or how can he demand a deter- 
minate area, while they are indefinite ? 

[१72. Such a questioner is a blundering devil.’ 
Still more so is he, who answers the question. For 
he considers not the indefinite nature of the lines’ 
in a quadrilateral figure. 

{The four sides alone without an angle do not deter- 
mine the quadrilateral in general, and the area is conse- 
quently indeterminate, For, 
take AB as one side; and rT] 
with centre A and radius equal 5 
to another side describe a.circle ; 
take any point D in the circum- 
ference, and join 4D. With D, B A B 
as centres and radii equal to the 


3 By Sridhara and the rest.—Gan. 
? The perpendiculars, diagonals, &.— Gan. 

Pisdcha, a demon or vampire ; so termed because he blunders.—Sir. 
t Of the diagonal and perpendicular lines,—Str. 


(ai | 


other two sides, deseribe eircles cutting each other in C, 
Join CB, CD.» Then ABCD is the quadrilateral which 
is indeterminate, since the angle BAD being not given, 
the point D may be taken anywhere in the circumferenee 
of the first deseribed eircle. Hence with the same sides, 
the diagonals may vary. Butif the perpendieular from 
D to the line AB be given, or if the diagonal BD be 
given, it is easy to see that the point D becomes a fixed 
point in the cireumference of the first described eirele, 
and so the quadrilateral is determinate. In the ease of 
a trapezium, it is easily seen that the four sides being 
given, the distanee between two parallel sides is. known, 
and so the figure is determinate. The rule in §l67, how- 
ever, ५७ equally inapplieable to the ease.] 


73—75. Rule’ in two and a half stanza. Let 
one diagonal of an equilateral tetragon be put as 
given. Then subtract its square from four timesthe 
square of the side. The square root of the remain- 
der is the measure of the second diagonal. 


The product of unequal diagonals multiplied to- 
gether, bemg divided by two, will be the precise 
area in an equilateral tetragon. In a regular one 
with equal diagonals, as also in an oblong,’ the pro- 
duct of the side and upright will be so. 

In any other quadrilateral with equal prependi- 
culars, the moiety of the sum of the base and sum- 
mit, multiplied by the prependicular (is the area). 


! In an equilateral tetragon, one diagonal being given, to find the 
second diagonal and the area; also in an equiperpendicular tetragon 
(trapezium) to find the area—Gan. Equilateral tctragons are two-fold : 
with equa! and with unequal diagonals. The first rule regards the 
equilateral] tetragon with unequal diagonals (tue rhombus).—Sir. 


? Ayata, a long quadrilateral which has pairs of equal sides — Gan. 


lo 
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{In an equilateral tetragon, the 
diagonals bisect each other at right 
angles, Hence (see figure), g= ४४ ? —a?3 
~. 22 =unknown diagonal = /44?—~4a?. 


The area of the above figure is evidently equal to half 
the product of the diagonals. The other prepositions 
stated above are well known elementary geometrical 


results. By “a quadrilateral with equal perpendi- 
culars,” the author means a trapezium. 


I76. Example. Mathematician, tell both dia- 
gonals and the area of an equilateral quadrangular 
figure whose side is the square of five: and the 
area of it, the diagonals being equal: also (the 
area! of an oblong, the breadth of which is six and 
length eight. 

Statement of the first 
figure (rhombus). Herc, as- 
suming one diagonal 80, 
the other is found 40; and 
the area is 000. 

Or put one diagonal 74; 
the other is found 48 ; and the 
area is 336. See figure. 


Statement of the second 
figure (square). 

Here, taking the square 
root of the sum of the squares 
(६8३), the diagonal comes out 
os the surd V 4250, alike both ways. The area is 625. 


26 


Statement of the third री | बही 
figure (oblong). Area 48. = 


77. Example. Where the summit is eleven, 
the base twice as much as the summit, the flanks 
thirteen and. twenty, and the perpendicular twelve; 
say what the area will be. 

Statement : 

The gross area ($ I67) is 
250, The true area,(§ I75) is 
Se: 


/f 


AN 


Or making three portions of 
the figure, and severally find- 
ing their areas, we get 30, 72, 
96 (see figure); and summing 
up we get for the total area 
]98 as before. 


[The four sides of the trapezium being given, the per- 
pendicular is necessarily known] 


॥78. Another example. Declare the diagonal, 
perpendicular and dimensions of the area, in a 
figure of which the summit is fifty-one, the base 
seventy-five, the left side sixty-eight, and the other 
side twice twenty. 

i79. Aphorism showing the connection of area, 
perpendicular and diagonal. If the perpendicular 
be known, the diagonal is so; if the diagonal be 
known, the perpendicular is so. If they be defi- 


[ l6 ] 


nite, the area is determinate. For, if the diagonal 
be indefinite, sois the perpendicular. Such is the 
meaning. 


I79 continued. Rule for finding the per- 
pendicular.’ In the triangle within the quadrilateral, 
the perpendicular is found as before taught ($९॥63-- 
64) ; the diagonal and side being sides, and the 
base, a base. 

Here, to find the perpendi- 
cular, a diagonal proceeding 
from the extremity of the left 
side to the origin of the right 
one is assumed to be 77; see 
figure. By this a triangle is constituted within 
the quadrilateral. In it that diagonal is one side, 
77 ; the left side is another, 68; the base continues 
such, 75. Then, proceeding by the rule ($§63—64), 
the segments are found, s+ and “३२; and the 
perpendicular, छ. 

[The problem given is indeterminate, unless a diago- 
nal, or an angle, or a perpendicular distance be given. 
So one diagonal is supposed to be 77. The process then 
adopted is the same as that shown in the note to §§ 
63—64.] 

80. Rule to find the diagonal, when the per- 
pendicular is known. 

The square root of the difference of the squares 
of the perpendicular and its adjoining side is 
pronounced the segment. The square of the base 


५ The diagonals being either given or assumed.—Gan, 
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less that segment being added to the square of the 
perpendicular, the square root of the sum is the 
diagonal. 


In the above quadrilateral, the perpendicular 
from the extremity of the left side is put >55. 
Hence the segment is found s+; and by the rule 
(8$]80) the diagonal comes out 77. 

{The reason for the rule is manifest.} 


l8l—82. Rule to find the second diagonal: 
two stanzas. 


In this figure, first a diagonal is assumed.’ In 
the two triangles situated one on each side of the 
diagonal, this diagonal is made the base oi each ; 
and the other sides are given; the perpendiculars 
and segments’ must be found. Then the square of 
the difference of two segments on the same side? 
being added to the square of the sum of the per- 
pendiculars, the square root of the sum of those 
squares will be the second diagonal in all tetra- 
gons.‘ 


३ Either arbitrarily (see §83) or as given by ths conditions of the 
question.— Gan, 

2 The two perpendiculars and the four segments.— Gan. 

3 Square of the interval of two segments measured from the same 
extremity. 

4 In the figure which is divided by the diagonal line, two triangles are 
contained, one on each side of that line; and their perpendiculars, which 
fall one on cach side of the diagonal, ‘are thence found. The difference 
between two segmonts on the same side will be the interval between the 
perpendiculars. It is taken as the upright of a -triangle. Producing (see 
figure) one perpendicular by the addition of the other, (i.e, drawing 


[उ] 


In the same quadrilateral, the length of the dia- 
gonal passing from the extremity of the left side to 
the origin of the right one, is put 77. Within the 
figure cut by that diagonal line, two triangles are 
formed, one on each side of the diagonal. 


Taking the diagonal for the 
base of each, and the two 
other sides as given, the 
two perpendiculars and the 
several segments must be 
found by the method before 
taught. Thus the perpendi- 
culars are found 24 and 60. Segments of the base 
made by the former, 45 and 32; those made by the 
latter, 32 and 49 Difference of the segments on 
the same side (that is, so much of the base as is 
intercepted between the perpendiculars) is I3. Its 
square 369. Sum of the perpendiculars 84. Its 
square 7056. Sum of the squares 7275. Square 
root of the sum 85. It is the length of the second 
diagonal. So in every like instance. 


[The reason for the rule will be clear from the ex- 
planation given by Ganesa, cited in the foot-note. In 
OG perpendicular to AF produced), the sum (AG) is made the side of the 
triangle. Tho second diagonal (AC) is hypotenuse. A triangle (AGC) is 
thus formed. From this is deduced, that the square root of the sum of 
the squares of the upright (which = OG = EF = BFY—BE) aud side 
(which =AG = AF +CE) will be the second diagonal ; and the rule is 
demonstrated.—Gan. 

In an equilateral tetragon, there ig no interval between the perpendi- 
culars ; and the second diagonal is the sum of the perpendiculars.—Jbid. 
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the particular example chosen, it happens (see above 
figure) that DF= EB, but this need not always be the 
case. It also happens from the values of AB, BC, CA, 
that the angle ABC is a right angle] 


I83. Rule restricting the arbitrary assumption 
of a diagonal: a stanza and a half. The sum of 
the shortest pair of sides containing the diagonal 
being taken as a base, and the remaining two as 
the legs (of a triangle), the perpendicular is to be 
found: and, in like manner, with the other 
diagonal. ‘The diagonal cannot by any means be 
longer than the corresponding base, nor shorter 
than the perpendicular answering to the other. 
Advertmg to these limits, an intelligent person 
may assume a diagonal. 


For a quadrilateral, contracting as the opposite 
angles approach, becomes a triangle; wherein the 
sum of the least pair of sides about one angle is the 
base, and the other two are taken as the legs 
The perpendicular is found in the manner before 
taught. Hence the shrinking diagonal cannot 
by any means be less than the perpendicular; nor 
the other be greater than the base. Itis so both 
ways. This, even though it were not mentioned, 
would be readily perceived by the intelligent 
student. 

{What the author intends to say is (see figure to 
§§ 484-82) that the diagonal BD cannot be longer than 
DC+ BO, but always shorter; nor can it be shorter than 
the perpendicular DH, but always longer. (Euclid, I, 


[ 490 ] 


20 and 39). The first sentence of the above section is 
meaningless ; and so also is the proof given, viz, “For a 
quadrilateral, contracting, &c.”] 

॥84. Rule to find the area: half a stanza. The 
sum of the areas of the two triangles on either side 
of the diagonal is assuredly’ the area in this figure. 

In the figure last specified, the areas of the two 
triangles are 924 and 25I0. The sum of these is 
3234, the area of the tetragon. 

[The area of the triangle BOD (see figs. to $$ 8-82) 
is 924, and that of the triangle ABD is 230.] 

॥85--86. Rule: two stanzas. Making the 
difference between the base and summit of a (trape- 
zium or) quadrilateral that has equal perpendi- 
culars, the base (of a triangle), and the sides (its) legs, 
the segments of it and the length of the perpendi- 
cular are to be found as for a triangle. From the 
base of the trapezium subtract thegsegment, and 
add the square of the remainder to ‘the square of 
the perpendicular ; the square root of the sum 
will be the diagonal. 

In a (trapezium or) quadrilateral that has equal 
perpendiculars, the sum of the base and least flank. 
is greater than the aggregate of the summit and 
other flank. 

[The rule gives the method of finding the diagonals of 


a trapezium the sides of which are given. It is demons- 
trated by Ganesa in the following manner :— 


eT SS eee a ae 
7 It is the true and correct area, contrasted with the gross or inexact 
aroa of former writors.—Gan. and Sur. 
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Let the two triangles 
ABE, DFC be united 
into one triangle 
ABC, their altitudes 
being equal. Then the गे 
altitude A'E of the B U F CBE C 
new triangle A'B’ C is the 
altitude of the trapezium, and the segments B'E’, HC’ 
will be equal to BE, FC. Hence 40? - 4782? + EC? =A'E” 
+(BO— B'E’)’, which leads to the rule, 


Also, AB BCD ANC, 

<~. AB+ BE+FC+EF>AD+D0, (. AD=EF) 
i.e., AB+ BC >AD+DC. 

AB need not be the ‘least flank,’] 


787--89. Example. The sides measuring 
fifty-two and one less than forty, the summit equal 
to twenty-five, and the base sixty, this was given 
as an example by former writers for a figure 
having unequal perpendiculars ; and definite 
measures of the diagonals were stated, fifty-six 
and sixty-three. Assign to it other diagonals, and 
those particularly which appertain to it as a figure 
with equal perpendiculars 


C D 
Statement. D K < 
> C 


Fig. 7, Pig. , 


6 
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Here assuming one diagonal 63, the other is 
found as before, 56. Or, putting 32 mstead of 56 
for a diagonal (Fig. 2), the other, found by the 
process before shown, comes out in two portions, 
both surds, 09] and 2700. The sum of the 
roots (extracted by approximation) is the second 
diagonal 76 22 

[In Fig. 2,if we drop perpendiculars from B, D on 
dC, and tind the segments of AC by § I63, we shall find 
that AC, BD intersect at right angles, and that 40=30, 

Hence BD =BO+4 DO= V602—30? + V392— 30? 
= ¥2700 + V 62L =30 V3 +3 V69 =30 x ॥/32...4-3 x 8'307 
.. २_57*96... + 2492L... = 76°88... = 7632 nearly. The 
root is approximately extracted in the manner indicated 
in § 438.] 

Again, if the above quadrilateral (Fig. i) be 
one with equal perpendiculars, D C 
i.e, a trapezium, (Fig. 3), 
consider the triangle A’B'D’ 

(Fig. 4), put to find the per- 

pendicular DE, and the AE F BR 
segments AFE, FB, according 
to the rule in ९९ ॥85-86. 
Here the segments are found 
$ and f° ; and the perpen- 
dicular, the surd ३५५०, of 
which the root found by 
approximation is 38822. It A ENTE 
is the equal perpendicular ea 

of the trapezium. 
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Next to find the sum of the squares of the per- 
pendicular and difference between base and 
segment, we have, base of trapezium, 60; least 
segment 5 ; difference “$4; square of the difference 
3293502 ; square of the perpendicular #8222. gum 
+2$225 or dividing by the denominator, 5049. lt 
is the square of one diagonal (BD). Similarly, 
the square of the other diagonal AC) is 2l76. 
Extracting the roots of these squares by approxi- 


mation, the two diagonals come out i 3; and 


In the above trapezium, the short side 39 added 
to the base 60 makes 99, which is greater than 
the aggregate of the summit and other flank, 77. 
Such is the limitation. 

Thus, with the same sides, may be various 
diagonals in the tetragon. Yet, though indeter- 
minate, diagonals have been sought as determi- 
nate, by Brahmagupta and other. Their rule is 
as follows :— 

i90. Rule. The sums of the products of the 
sides about both the diagonals being divided by 
each other, multiply the quotients by the sum of 
the products of opposite sides ; the square roots 
of the results are the diagonals in a quadrilateral. 

The objection to this mode of finding the 
diagonals is its operoseness, as I shall show by 
proposing a shorter method. 


A couplet cited from Brahmagupta, XII, 28, 


[ i94 ] 


[The rule applies only to a quadrilateral which can 
be inscribed in a circle, This, however, is not mentioned 
iu the rule, 


Let ABCD be such a quadri- 
lateral, and let 474, 808, 
CD -८, DA =d. 

j ab +९ 

and BD? _ (५८ + bd) (ab +-cd) 

ad + be हे 

(See Todhunter’s Trigonometry, Art. 254.) Thus the 
reason for the rule is obvious. 


In the quadrilateral in §§ 87-489, Fig. l, the sides 
are so taken that the diagonals intersect at right angles ; 
and we easily find OB= 48, 020-:25 Thus cos(ODA)=}33 
= ys and cos (OCB)=22=%,. Hence angle ODA =angle 
OCB, and therefore a circle passes round the quadrilateral. 
Consequently, the rule in § 490 will apply to this quadri- 
laterai. It is probable that the rule was derived a poste- 
riori from this particular instance, and not a priori from 
the fact of the quadrilateral being inscribable in a circle, 
The same quadrilateral is given as an example of the 
rule by Chaturveda Prithudaka Swami, in his commen- 
tary on Brahmagupta’s treatise. | 


j9i~—i92. Rule: two stanzas. The uprights 
and sides of two assumed right-angled triangles,’ 
being multiplied by the reciprocal hypotenuses, 
become sides (of a quadrilateral): and in this 
3 Assumed conformably with the rule in § 45, An objection, to which 
Ganesa adverts and which he endeavours to obviate, is that this shorter 


method requires sagacity in the selection of assumed triangles ; whereas 
the longer method is adapted to all capacities. 


[ #6 ] 

manner is constituted a quadrilateral, in which the 
diagonals are deducible from the two triangles.* 
The product of the uprights added to the product 
of the sides is one diagonal; the sum of the 
products of uprights and sides reciprocally multi- 
plied, is the other.” When this short method 
exists, why an operose one was practised by 
former writers, we know not. 


3 This method of constructing a quadrilateral is taken from Brahmagupta 
XII, 38. 


* A quadrilateral is divided into four triangles by its intersecting diago- 
nals ; and conversely, by the junction of four triangles, a quadrilateral is 
constituted. For that purpose, four triangles are assumed in this manner. 
Two triangles are first put in the mode directed (§ 45), the sides of which 
876 all rational. Such sides, multiplied by any assumed number, will con- 
stitute other right-angled triangles, of which also the sides will be rational. 
By the twofold multiplication of hypotenuse, upright and side of one 
assumed triangle by the upright and side of the other, four (right-angled) 
triangles are formed, such that turning and adapting them and placing 


the multiples of the hypotonuses for sides, a quadrilateral is composed, 
(as Shown below). 


de 
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Here the uprights aud sides of}ithe arbi- D 
trary triangles (the first two on the left YO 
side) reciprocally multiplied by the hypo- 
tenuses,become sides of the quadrilateral ; 48 39 
and hence the directions of the rule (§ I9]). ४७ 

Ina quadrilateral so constituted, it is 
- apparent that the one diagonal (40) is 
composed of two parts ; one the product of जो रु: 


Fan. 


f 426 ] 


[This rule is of no importance whatever, It applies 
only to quadrilaterals constructed in the artificial manner 
indicated by the author, and fully explained by Ganesa ; 
see foot-note, It is curious that the author, while 
censuring Brahmagupta’s important rule (§I90) as 
operose, entirely forgets that the rule propounded by 
himself is comparatively unimportant and of very limited 
application. ] 


Assuming two right-angled triangles, multiply 
the upright and side of one by 


the hypotenuse of the other: 

the greatest of the products 

is taken for the base; the | र N 

least for the summit; and N ; 
3 


the other two for the flanks. 
(See Fig. ] in the foot-note.) 


the uprights, the other the product of the sides of the arbitrary triangles. 
The other diagonal (BD) consists of two parts, vic., the products of the 
reciprocal multiplication of uprights and sides. These two portions are 
the perpendiculars, for there is no interval between the points of 
intersection. This holds, provided the shortestlside be the summit; the 
longest, the base ; and the rest, the flanks. D 

But if the component triangles be other- 


४ JS 

wise adapted, the summit and a flank 9 ‘ad 
change places, asin the adjoining figuro. 52 

Here the two portions of the first diagonal 25 


as above found (viz, 48 and 05) do not A 60 

face, but are separated iy an interval B 
which is equal to the difference between the two portions (86 and 20) of 
the other diagonal, viz., ॥6. It is the difference of two segments on the 
same side, found by a preceding rule (§§8-82), and is taken for tbe 
upright of a triangle as already explained ($§8-82, note) ; the sum of 
the two portions of the diagonal equal to the two perpendiculars is made 
the side. The square root of the sum of the squares of such upright and 


Here with much labour (by the former method) 
the diagonals are found 63 and 56. 

With the same pair of ‘right-angled triangles, 
the products of uprights and sides reciprocally 
multiplied are 36 and 20 ; the sum of which is one 
diagonal, 56. The products of uprights multiplied 
together, and sides taken into each other, are 48 
and ॥5७:; their sum is the other diagonal, 63. 
Thus they are found with ease. 

But if the summit and flank change places, and 
the figure be stated accordingly, the second diago- 
nal will be the product of the hypotenuses of the 
two right-angled triangles, vz., 65. (See Tig. 2 
in the foot-note.) 

“side is equal to the product of the hypotcuuses (L3 and 5) : wherefore tho 

author adds, “if the summit and ilank chango places, the first diagonal 
will be the product of the hypotenuses.” (The MSS. have first, but 
Bhaskara’s toxt exhibits second instead.) 


[This last remark is not clearly explained by the commentator. From the 
AE 


calculated values of A£ and Fb(seo Fig. 2), we find that sin A =. z 
84 _ 4 क . 20. % re 
कन 62 and eos VB Sie a es Hence tho angle ABC is a right 
angle, 


And. AB=5Xl2,and BC=5x5, 
., AC=5xI3, and thetruth ofthe remark is obvious. Jt need 
hardly be added that the remark applies only to quadrilaterals construc- 
ted in the artificial manner indicated by the author.—Ep.] 


In liko manner, for the tetragon before 7 N 
instanced (§78), to find the diagonals, a 
pair of rectangular triangles is put. Pro- 4 
ceeding as directed, tho diagonals come 
out 77 and 84. (See Fig. 3.) 3 3 


१९4 
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॥98--94. Example! In a figure in which the 
base is three hundred, the summit a hundred and 
twenty-five, the flanks two hundred and sixty and 
one hundred and ninety-five, one diagonal two 
hundred and eighty and the other three hundred 
and fifteen, and the perpendiculars a hundred and 
eighty-nine and two hundred and twenty-four, 
what are the portions of the perpendiculars and 
diagonals below the intersections of them ? and 
the perpendicular let fall from the intersection of 
the diagonals, with the segments answering to it ? 
and the perpendicular of the needle formed by 
the prolongation of the flanks until they meet, as 
well as the segments corresponding to it ? and the 


/ 
68 


75 
Fig. 3 Fig. 4. 

In tho figure instanced, a transposition of the flank and summit takes 
place (see Fig. 4 which corresponds to the tctragon instanced in §478) ; 
wherefore the product of the hypotenuses (5 and I7) of the two right- 
angled triangles will be the second diagonal ; and they thus come out 77 
and 85,—Gan. 


! Having thus, from 873 to,this place, shown the method of finding 
the area, &c.. in the fourteon sorts of quadrilaterals, the author now 
exhibits another quadrilateral, proposing questions concerning segments 
produced by intersection.—Gan. For the instruction of the pupil, he 
exhibits the figure called (stich?) a needle.— Mano. 

The problem is taken from Brahmagupta with a slight variation ; and 
this-examplo differs from his only in the scale, his numbers being here 
increaced five-fold. See Brahmagupta, XII, 32. 
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measure of both the needle’s sides? All this 
declare, mathematician, if thou be thoroughly 
skilled in this (scienze of') plane figure. 


Statement. Length of the base 
300. Summit I25. Flanks 260 and D 
95. Diagonals 280 and 345. Per- . Ms 
pendiculars 89 and 224. AG HB 


॥95--96. Rule: two stanzas, The Interval 
between the perpendicular and its correspondent 
flank is termed the sandh? or link of that perpen- 
dicular. The base less the link or segment is 
called the pitha* or complement of the same. The 
link or segment contiguous to that portion (of 
perpendicular or diagonal) which is sought, is 
twice set down. Multiplied by the other perpen- 
dicular in one instance, and by the diagonal in the 
other, and divided (in both instances) by the com- 
plement belonging to the other (perpendicular), 
the quotients will be the lower portions of the 
perpendicular and diagonal below the intersection. 


Statement. Perpendicular 389. Flank conti- 
guous to it I95. Segment intercepted between 
them (found by §34), 48. It is the link. The 
second segment is 252, and is called the comple- 
ment. 


2 Manoranjana, 
2 Sandhi, union, alliance ; connecting link. 
` Pitha, lit. stool. Here the complement of the segment. 


7 
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In like manner, the second perpendicular is 
224. The flank contiguous to it, 260. Interval 
between them, being the segment called link, 32. 
Complement 368. 


Now to find. the lower portion of the first per- 
pendicular 89. Its link 48 separately multiplied 
by the other perpendicular 224 and by the diago- 
nal 280, and divided by the other complement 
68, gives quotients 64, the lower portion of the 
perpendicular, and 80, the lower portion of the 
diagonal. 

So for the second perpendicular 224, its link 
32, severally multiplied by the other perpendicu- 
lar 489 and by the diagonal 3I5, and divided by 
the other complement 252, gives 99 for the lower 
portion of the perpendicular, and ]65 for that of 
the diagonal. 

{The object of the rule is to find EG, LA, FH, FB, 
(See figure, §§ I93-I94.). 


From similar triangles we have, 


EG CH E GAx CH 

GA = HA त whence EG — = 3 

AE_ GA p GAxAC | 
and OHA’ whence A aru 


Similarly for PH and FB. 
Hence the reason for the rule is clear,] 

I97. Rule to find the perpendicular below the 
intersection of the diagonals. 

The perpendiculars multiplied by the base and 
divided by the respective complements, are the 


[ क ] 


erect poles : from which the perpendicular let 
fall from the intersection of the diagonals, as also 
the segments of the base, are to be found as 
before.! 

Statement. Proceeding as directed, 
the erect poles are found 225 and 400. 
Whence, by a former rule (§59), the 
perpendicular below the intersection 
of the diagonals is deduced, 344; and J 
the segments of the base 208 and I92. 

[The method employed is first to find 4K, BL, the 


erect poles or perpendiculars on AB, and then to apply 
६59 to find OM. Now from similar triangles we have 


455 A whence AK = Ce , with a similar value 


for BL. Hence the rule.} 


98—200. Rule to find the perpendicular of 
the needle, its legs and the segments of its base: 
three stanzas. The proper link multiplied by the 
other perpendicular and divided by its own, is 
termed the mean ; and the sum of this and the 
opposite link is called the divisor. Those two 
quantities, namely, the mean and the opposite 
link, being multiplied by the base and divided by 
that divisor, will be the respective segments of the 

7 By the rule fe §59. 

2 Sachi, needle ; the triangle formed by the flanks of the quadrila. 
teral until they meet. 

३ Sama, mean ; a fourth proportional to the two perpendiculars and 


the link or segment, 
$ Hara, divisor ; the sum of the mean and the other link or segment, 


[iS | 


needle’s base. The other perpendicular, multi- 
plied by the base and divided by the divisor, will 
be the perpendicular of the needle. The flanks, 
multiplied by the perpendicular of the needle and 
divided by their respective perpendiculars, will be 
the legs of the needle. Thus may the subdivision 
of a plane figure be conducted by the intelligent, 
by means of the Rule of Three. 


Here the perpendicular being 224, its link is 
]32. This multiplied by the other 


डर 
perpendicular, viz., 489, and divided 
by its own, viz., 224, gives the mean Ak 4 
as itis named, 23+. The sum of this 
and the other link 48 is the divisor Á COH B 
as itis called, gS, The mean and 


the other link severally taken into the base, being 
divided by this divisor, give the segments of the 
needle’s base, +436 and 5३४५, The other perpen- 
dicular ॥89, multiplied by the base and divided by 
the same divisor, yields the perpendicular of the 
needle, “7°. The sides 395 and 260, multiplied 
by the needle’s perpendicular and divided by 
their own perpendiculars respectively, víz., 489 
and 224, give the legs of the needle, which are the 
sides of the quadrilateral produced, wiz., ०१४” and 


7020 
FHSS 


Thus in all instances under this head, taking 
the divisor {for the argument, and making the 
multiplicand or multiplicator, as the case may be, 


| Was ] 


the fruit or requisition, the Rule of Three is to be 
inferred by the intelligent mathematician. 


[The object of the rule is to find 774, PB, NP, NA, 
NB (see above figure). It is demonstrated by Ganesa in 
the following manner :—Through D draw DQ parallel to 
NB, meeting AB, in Q. Then the triangles AQD and ABN 
AB_AN_NP_PB 


are similar, and we evidently get dom dD DG NE 


ai SOGOU EER (i). No 5G = BS from similar triangles; 
thus GQ = TEX = what the author calls mean, 
and consequently AQ or mean+ AG = what the 
author calls divisor, Thus finally, PB = दु 
mean x base Paw GAXAB ह 
from (7) 222 S angel A= AO from (7) = 
opposite link x base P NP AB 
Er 5 “< Again, from ( D640 whenee 
NP other perpendicular x base i 07? 
divisor ý O° र 00” 


DAx NP 


h = 
whence WA DG 


, and similarly for NB.) 


20l. Rule.’ When the diameter of a circle? 
is multiplied by three thousand nine hundred and 
twenty-seven and divided by twelve hundred and 


१ To deduce the circumference of a circlo from its diameter, and the 
diameter from the circumference,—Gan. 


2 Vritta, vartula, a circle, Vydsa, vishkambha, vistriti, vistéra, the 
breadth or diameter ofa circle. Paridhi, parindha, vritti nemi, (and 
other synonyms of the felloe of a wheel), the circumference of a circle. 


| । 


fifty, the quotient is the near' circumference : or 
multiplied by twenty-two and divided by seven, it 
is the gross circumference adapted to practice’, 

[Ganesa shows (see foot-note) that if the measure of 
the diameter of a circle be 3250, that of the side ofa 
regular polygon of 384 sides inscribed in the circle will 
be very nearly 3927 (more accurately it will be= 
./98683 x 2°5 =3926'625...). This shows the degree of 
approximation of the fraction #327 to the value of r. 
Converting the fraction into a decimal we get 3°446, 
the true value of r being 334:59. . . .] 


202, Example. Where the measure of the 
diameter is seven, friend, tell the measure of the 
circumference : and where the circumference is 


twenty-two, find the diameter. 
Statement : diameter 7. 


Answer: circumference 2}325, or gross cir- 


cumference 22. 
Statement : circumference 22. 


Reversing multiplier and divisor, the diameter 
comes out 73447 ; or gross diameter 7. 


! Súkshma, delicate or fine, nearly precise; centrasted with sthala, 
gress, or somewhat less exact, but sufficient for common purposes.— 
Gang. and Sir. 

Brahmagupta puts the ratio ef the circumference ito the diameter as 
three to one for the gross value, and takes the square root of ten times 
the square ef the diameter for the neat value of the circumfereuce. See 
Brahma, XIT, 40. [This is more rough even than १” ; for (6053"-6292..,., 

Fand "२ 3.42857.—ED. ] 

2 Ag the diameter increases or diminishes, so does the circumference 
increase or diminish : therefere Ito find the one from the other, make 
proportion, as the diwmstar of a known circle is to‘the known circum- 
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203. Rule. In a circle, a quarter of the diameter 
multiplied by the circumference is the area. That 
multiplied by four’ is the net all around the ball.” 


ference, so is the given diameter to the circumforence sought ; and 
conversely, as tko circumference is to the diameter, so is the given 
circumference to the diametor sought. 


Further, the semi-diameter is equal to the side of a regular hexagon 
within the circic, as will be shown. From this the side ofa regular 
dodccagon may be found in this manner :—- 
the semi-diametcr being hypotenuse, 
and half the side of the hexagon, the 
side, the square root of the difference of 
their squares is the upright: subtracting 
which from the semi-diameter, the re- 
mainder is the arrow (or height of the arc). 
Again, this arrow being the upright and 
half the side ofthe hexagon, a side, the 
square root of the sam of their squaros is the side of tho dodccagon. 
From this, in like manner, may be found the side of a polygon of 24 
sides : and sə on, doubling the number of sides in the polygon, until tho 
side be near to the are. Tho sum of such sidos will be the circuin- 
ference of the circle nearly, Thus, the diameter being ॥09, the side of 
the dodecagon is the surd a/673 ; and that of a polygon of 384 sidos is 


nearly equal to the arc. By computation it comes out the surd «98683. 
Now the proportion, if to the square of the diameter put at 00, viz., 
70000, this be the square of the circumference, tis., 98683, then to the 
square of the assumed diameter 7280, viz, 5629000, what will be the 
circumference ? Answer : the square root 8927 without remainder,—Gan. 


२ Or rojocting equal multiplier and divisor, the circumference multi- 
plied by the diameter is the surface. — Gan. 


? Prishtha-phala, superficial content : compared to the net formed by 
the string with which cloth is ticd to mako a playing ball. Grana- 
phala, solid content : compared to a cube, and denominated from it, 


cubic. 


RET] 


This content of the surface of the sphere, multiplied 
by the diameter and divided by six, is the precise 
solid, termed cubic, content within the sphere.* 
[This rule gives the well-known expressions for the 
area of a cirele, and the surface and volume of a sphere. 
Ganesa gives interesting but rough demonstrations in 
the case of the area of a cirele and the volume ofa 


2 Dividing the circle into two 

equal parts, cut the content of ¢ y न. 

ह १ क. 
each into any number ‘of equal 


angular spaces, and expand it so v y NNN NNN 
य v 


that the circumference may 


become a straight line as in the adjoining figurc. Then let the two 
portions approach so that the angular spaces of tho one may enter into 
the simular intermediate vacant spaces of the other, as in the figure, 
thus constituting an oblong, of which the semi- र] है 
diameter is one side, and half the circumfe- \ 
rencc the other. The product of their multi- हि 

plication is the area. Half by half isa quartor. Therefore a quartor of 
the diameter multiplied by tho circumferonce is tho area.—Gan. 

Soe in tho Golidhydyu of the Siddhinta-siromani, a demonstration of 
the rule, that the surface of a sphere is four times the area of a great 
circle, or equal to the circumference multiplied by the diamctor.—Jbid. 
[See the Golddhydya, Wilkinson's translation, TIT, 52,—Ep,} 


To demonstrate the rule for tho solid content of a sphore, suppose 
the sphere divided into as many little pyramids, or long necdles with 
an acute tip and square base, as in the number by which tho 
surface is measured, tho hoight of each pyramid being oqual to the radius 
of the sphere. Tho base of cach pyramid is a unit of the scale by which 
tho dimensions of the surface are reckoned; and tho altitude beinga 
semi-dianieter, one-third of their product is the content: for a needle- 
shaped excavation is one-third of an excavation in the form of a rectan. 
gular parallelopiped of the same baso and height, as will be shown ($22]). 
Therefore (unit takcn into) a sixth part of the ‘diameter is tho content 
of one such pyramidical portion : and that multiplied by the surface 
gives the solid content of tho sphore.— Ibid. 


[ ॥87 } 


sphere, and refers to the Golédhydya for the case of the 
surface of asphere. See foot-note.] 

204. Example. Intelligent friend, if thou know 
well the spotless Lildvati, say what the area of a 
circle is, the diameter of which is measured by 
seven : and the surface of a globe, or area like a 
net upon a ball, the diameter being seven : and the 
solid content within the same sphere. 

Statement : diameter 7. 

Answer : area of the circle, 384545. Superficial 
content of the sphere, 3584). Solid content of 
the sphere, !79433%. 

205—206. Rule: a stanza and a half. The 
square of the diameter being multiplied by three 
thousand nine hundred and twenty-seven, and 
divided by five thousand, the quotient is the nearly 
precise area ; or multiplied by eleven and divided 
by fourteen, it is the gross area adapted to common 
practice. Half the cube of the diameter, with its 
twenty-first part added to it, is the solid content 
of the sphere. 

The area of the circle, nearly precise, comes 
out as before 382¢%3, or gross area 38+. Gross 
solid content i 79%. 

[The area of a circle = = rd’, d being the diameter 


3927 S, 3927 
स पत 22 aA 03 . 
4.१,250 5006 °? 


ग 
or more roughly = i” y (72 


4 
8 
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3 
Again, the volume ofa sphere =£ 7 ud d being the 


g 3 
diameter 
इ... eae) ] 
०0 aon see 
ज्‌ 3 
he = 


Thus the reasons for the rules are obvious. | 

206—207. Rule! :a stanza and a half. The 
sum and difference of the chord and diameter 
being multiplied together, and the square root of 
the product being subtracted from the diameter, 
half the remainder is the arrow.” The diameter 
less the arrow being multiplied by the arrow, 
twice the square root of the product is the chord. 
The square of half the chord being divided by the 
arrow, the quotient added to the arrow is prono- 
unced to be the diameter of the circle. 

[By the word arrow is meant the height of the arc 

Stiryadasa gives the following proof of the formula 
for the arrow 

Let AB be the chord, CD, the arrow 
and 0 the centre. Join BO, and produce 
it to meet the circumference in Æ. Draw 
the chord EGF perpendicular to the 
diameter DH. Join BF. 


उ In a circle cut by a right line, to find the chord, arrow, &c.; that is, 
either the chord, the arrow, or the diameter being unknown, and the 
cther two given, to find,the one from the others.—Gan, and Sur. 

2 A portion of the circumference is a bow (dhanush, chépa). The right 
line between its extremities, like ~the string of a bow is its chord (jivd, 
jyt, guna: maurvt). The line between them is the arrow (sara, ishu), 
as resembling one set on a bow.-—Gan. and Sar. 


। 89 ] 
रा (DH-CG)=} (DH-BF) 


=} (DH- ABE EF?) =} (DH- JDBC AB], 
whence the rule. 


Again, CH. CD = 40? (Euclid III. 35) 
“ AB=2AC=2 JOH. CD. 
©? 
Also L CH, 


AC? 


व टा = aD 


OT] 


208. Example. In a circle of which the 
diameter is ten, the chord being measured by six, 
say friend what the arrow is: and from the arrow 
tell the chord ; and from chord and arrow, the 
diameter. 


Statement : diameter 0. When the chord is 6, 
the length of the arrow comes out I. 


Or, the arrow being 4, the chord is found 6. 
Or from the chord and arrow the diameter is 
deduced ॥0. 


909—2i]. Rule :' three stanzas. By 08928, 
84853, 70534, 60000, 52055, 45922, and 403], 
multiply the diameter of circle, and divide the res- 
pective products by 20000 ; the quotients are 
severally, in their order, the sides of polygons 


! Toffind the sides of regular inscribed polygons.—Gan, and Shr, 


[ UO 


from the triangle to the enneagon (inscribed) 
within the circle.! 

[In this rule the author gives the fractions by which 
the diameter of a circle is to be severally multiplied, in 
order to get the sides of inscribed regular figures from 
the triangle to the enneagon. Ganesa shows by a purely 
geometrical method how the fractions are arrived at, in 
the case of the triangle. the square, the hexagon, and the 
octagon ; and remarks that a similar proof cannot be 
given in the case of the pentagon, the heptagon and the 
enneagon. See foot-note. Suryadisa tries to supply the 
proofs in-these cases, but his attempt is a failure ; for the 
proofs he gives are not at all rigid und satisfactory, and 
itis not worth while to give them in the fodot-note, as 
Colebrooke does. By the help of trigonometrical tables, 
proofs in all the cases may be given ina general manner 
as follows :— 

Let a denote the side of a regular polygon of n sides 


: : ; है है यी 
inscribed in a circle of radius y Then g=27sin — (see 
हे छ n 


2 Describe a circle with any radius at pleasuro, divido the circum- 
ference into three equal parts and mark A 
the points; and with these points 
(A, B, C) as centres and with the same 
radius, describe three circles, which 
will be equal in circumference to the 
first circle; and it is thus manifest B ER 
that the side of the regular hexagon 
within the circle is half a diameter. 

The side of an equilateral triangle (inscribed) in a circle is the 
upright, the diameter is hypotenuse and the side of the hexagon is side 
of a right-angled triangle. See above figure. Therefore the square 
root of the difference of the squares of the semi-diameter and diameter 
is the side of the (inscribed) equilateral triangle : viz., for the proposed 
diameter (20000), 03923, 


बंका 5 


Todhunter’s Trigonometry, Art, 255). Hence, side 
of inscribed equilateral triangle = 27 sin 60° = 2r aes 2r 


2 
I7320508... कि 
— m = 2r x ‘8660234... Now the fraction 393934 


='866025 ; thus the approximation is very close. 


The side of the inscribed square = 2,7 sin = =2p x? =27 x 
'707067... 

Now the fraction क = "T07L08$ ; thus the fraction 
is a little too large. 

The side of the inscribed pentagon=2r sin 36°=2r 
x ‘5877853 from a table of natural sines. Now the 
fraction 730534 =-587783 ; thus the fraction is a little 
too small. 

The side of the inscribed hexagon is equal to the 
radius, 

The side of the inscribed heptagon=2r sin (25° 42' 
5”) nearly = 2r २८"4338839 from the tables and the 
theory of proportional parts. Now the fraction $3955, = 
-433796 ; thus the fraction is a little too small. 


The side of asquare is hypotenuse, and 
the semi-diameter is upright and side. 
Wherefore the square root of twice the 
square of the semi-diameter is the side of 
the (inscribed) square; viz. for the 
diameter assumed, 84853. 

The side of the regular octagon (see above figure) is hypotenuse, half 
the side of the square is upright, and the difference between that and 
the semi-diameter is,the'side. Wherefcre the square root of the sum of 
the sqnares of half the side of the square and the semi-diameter less 
half the side of the squaro is the side of the (inscribed) regular octagon : 
viz., for the diameter as put, 45922. 

The proof of the sides of the regular pontagon, heptagon and ennea- 
gon cannot be shown in a similar manner.~-Gan. 


i] 


The side of the inscribed octagon =2r sin 22% =2rx 
3826834 from the tables. Now the fraction एपको) चर 
‘382683 ; thus the approximation‘is very close, 

The side of the inscribed nonagon=2r sin 20°=2r~x 
‘342020 from the tables. Now the fraction 493) = 
'344925 ; thus the fraction is a little too small, 

In the appendix to the Goldélhydya, called Jyotpatti, 
Bhiskara has given an elaborate method of constructing 
the sines of various angles, adopting the old definition of 
the sine. (See Trigonometry, Art, -.,) The values 
deduced by his method closely approximate the values 
given in our modern tables, there being slight discre- 
pancies in some cases, wwhichacconnt for “the «discrepancies 
noticed above between the values of the sides of some of 
the inscribed regular polygons as given in the text, and 
their values as calculated from the tables. A table of sines 
and versed sines of certain angles in arithmetical progres- 
sion is also given in the Sirya-siddhdnta, I. I5—27, the 
values there stated being less accurate than those deducible 
from Bhaskara’s method. See Súrya-siddhánta, Bapu Deva 
Sastri’s translation, IL. 6, foot note. The decimal nota- 
tion is nowhere used either by Bhaskara or in the Súrya- 
siddhdnta. See note to § 338. 

2l2. Example. Within a circle of which the 
diameter is two thousand, tell me severally the 
sides of the inscribed equilateral triangle and other 
polygons. 

Statement : diameter 2000. 

Answer : side of the triangle, 782% ; of the 
tetragon, 44%¢4 ; of the pentagon, 78वुह; of the 
hexagon ; 000 ; of the heptagon, 86755 ; of the 
octagon, 76535 ; of the nonagon, 68337. 


Pa ] 


From variously assumed diameters, other chords 
are deducible, as will be shown by us under the 
head of construction of sines ‘Jyotpatit) in the 
treatise on Spherics. 

[See GoléJhydya, appendix, Wilkinson’s translation. ] 

The following rule teaches ashort methed of 
finding the gross chords 

28. Rule. The circumference less the arc 
being multiplied by the arc, the product is termed 
first. From the quarter of the circumference 
multiplied by five, subtract that first product, and 
by the remainder divide the first product taken into 
four times the diameter. The quotient will be the 
chord. 

[This rule, as the author himself observes, gives a 
method of finding approximately the chords of given ares 
of acirele, The commentators give an unsatisfactory and 
almost fanciful demonstration of the rule The nature of 
the approximation may be shown thus :— 

Let AB be the given are whose chord 
is to be found. Draw the diameter BOC, 
and join AC, AO. Let © denote the angle 
AOC, rthc radius, and c the circumference 
of the circle. Then the value of the 
chord AB as given by the rule 
arc ABO xarc 4.8 > 8/ 

५६67-2९ ACB xare 4B 
ic? - (30)? +(are 04) ar! +? 


ı Prathama,ddya, first (product). 


9 ox 
Fy 
i+ (ड) 
563 
= 27 ( = ह negleeting powers of - beyond the 


9 
second. The aeeurate value of the chord 4B =2r cos Da 


2r (४ = A +&e.. Taking r=}, the value of the frac- 


tion a will be found to be very slightly greater than }. 
प्रा 


This shows the nature of the approximation, It is worthy 
of notice that the rule gives the exaet value of the ehord 
when the arc isa sixth part of the circumference. The 
rule appears to have been obtained empirically after repea- 
ted trials. ; 

2l4. Example. Where the semi-diameter is a 
hundred and twenty, and the arc of the circle is 
measured by an eighteenth multiplied by one and 
so forth (up to nine’), tell quickly the chords of 
those arcs. | 

Statement : diameter 240. 

Here the circumference is 754 (nearly). 

Ares being taken which are multiples of an 
eighteenth of the circumference, the (corres- 
ponding) chords are to be sought. 

Or for the sake of facility, abridging both cir- 
cumference and arcs by the eighteenth part of the 


! Up to nine, or half the number of ares; for the chords of the 
eighth and tenth will be the same, and so will those of the seventh and 
eleventh, and so forth.—Gan, 


[ 745 ] 


circumference, the same chords are fo und. Thus, 
circumference, 8 ; ares, ।, 2, 3, 4, 5, 6, 7, 8, 9. Pro- 
ceeding as directed, the chords come out 42, 82, 20, 
54, 84, 208, 226, 236, 240. 


In like manner, with other diameters (chords of 
assigned arcs may be found).’ 

(We can easily test the accuracy of the values of the 
chords given above by calculating their actual values from 
a table of natural sines. It will be found that the values 
given are in some cases less, and in others greater than 
the true values. | 


2I5. Rule.” The square of the circumference 
is multiplied by a quarter of the chord and by five, 
and divided by the chord added to four times the 
diameter ; the quotient being subtracted from a 
quarter of the square of the circumference, the 
square root.of the remainder, taken from half the 
circumference, will leave the arc. 

{This rule is derived from the preceding one. Denoting 
the arc AB (see figure in the note to §23) by z, we get 
AB= oe (§223), whence z? - ont ee = 6 
9 6? 5 AB 62 

हि ie ear 
taken, as z issupposed to be less than the semi-circum- 
ference. Hence the reason for the rule is obvious, 


5 


\ , the upper sign being 


The following empirical and approximate rule for 
finding the arc is cited by Ganesa from Aryabhatta :— 
Six times the square of the arrow being added to the 


२ Gang. 6८०, 
१ To find the arc from the chord given. 


१9 
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square of the chord, the square root of the sum is the arc. 
If 20 denote the angle subtended by the arc at the 
centre, and r the radius, the expression for the arc as 
given by the rule 

= [402 sin?6 + 6r*(l — cos 6)3} 

=» 60 वी 0 cos? 8) 02 cos 6} 

=p ४० 420- et oe pna: = F )) 

=r, 20, (neglecting higher powers of 0), which is the 
true value of the arc, This shows the nature of the 
approximation involved in the rule. Inthe case of the 
semi-circle, the rule gives for the length of the arc the 
expression J/I0 y,so that the value of 7 is assumed to be 
VIO] - 

2I6. Example. From the chords which have 
been here found, now tell the length of the arcs, 
if, mathematician, thou have skill in computing 
the relation of arc and chord. 

Statement : chords, 42, 82, I20 ol Il Ue 
226, 286, 240. i 

Circumference abridged ॥8. The arcs thence 
found are, 7, 2, 8, 4,5, 6, 7, 8,9. They must be 
multiplied by the eighteenth part of the circum- 
ference.’ 


? Stiryadisa and Gangddhara notice other figures omitted by the 
author, e.g., gaja-danta or elephant's tusk, which may be treated as a 
triangle according to Sridhara ; bélendu or crescont, which may be consi- 
dered as composed of two triangles, according to the same author ; yava 
or barloycorn, & convex lens, troated as consisting either of two triangles 
or two bows, according to Gangádhara ; nemi or felloe ; vajra or thun- 
derbolt, treated as a quadrilateral with two bows, according to Gangi- 
dhara ; sankha or conch ; mridanga or groat drum ; and several others. 


[ wz ] 


[Bhiskara has given no rule for finding the area of 
a bow or segment of a circle. Ganesa cites in his com- 
mentary two rules for this purpose, which are practically 
the same. Oneof them, due to his father Kesava, is as 
follows :—The arrow being multiplied by half the sum 
of the chord and arrow, and a twentieth part of the 
product being added, the sum is the area of the segment. 
The other rule due to Sridhara is as follows :—The 
square of the arrow multiplied by the square of half 
the sum of the chord and arrow, being multiplied by ten 
and divided by nine, the square root of the product is 
the area of the bow. Since the fraction 34 is very nearly 
equal to the fraction alt , we see that these two rules 
are practically the same. They both appear to be 
empirical and give very rough results, as may be readily 
seen by applying them to one or two particular cases, 
Thus, taking the first rule and applying it to the case 
when the segment is a semi-circle, we get for the area, 


. 2 37? = 
the expression 50 2 the true area being yor deno- 


ting the radius; so that in this case the value of 7 is 
taken to be $3, which is greater than the true value, 
Again, applying the same rule to the case when the arc 
of the segment is a quadrant, we get for the area, the 
expression A ine 
20 4? 4 
this case the value of 7 is taken to be $4, which is less than 
the true value. Ganesa himself gives the accurate method 
of finding the area of the segment, namely, by subtracting 
the area of the triangle formed by the radii and the chord 
of the segment from the area of the sector. The same rule 
is also given in the Janoranjanc,] 


the true area being ; so that in 


a 


CHAPTER या. 
EXCAVATIONS: AND CONTENTS OF SOLIDS. 


2]7---28. Rule’ : a couplet and a half. Taking 
the breadth in several places, let the sum of the 
measures be divided by the number of places: the 
quotient is the mean measure. So likewise with 
the length and depth The area of the plane 
figure, multiplied by the depth, will be the number 
of solid cubits contained in the excavation. 

(The rule is very rough, giving a result much smaller 
than the true one, It is curious that such a rougk rule 
was given when the author intended to lay down the 
correct rule immediately afterwards (§223). The tank 
contemplated is no doubt an ordinary one with slant 
sides, and we need not take the measurements in several 
places ; the length and breadth of the mouth and 
bottom, and the depth of the bottom from the mouth, 
being sufficient for finding the volume accurately. See 
&$222.] 


+ Khdta-vyavahdra. The author treats first of excavations, secondly 
of stacks of bricks and the like, thirdly of sawing of timber, and fourthly 
of stores of grain, in as many distinct chapters. 

* For measuring an excavation, the sides of which are trapezia.—Gan. 

8 Vistdra, breadth ; dairghya, length ; bedha, depth. Ahéta, an exca- 
vation ; sama-khdta, a cavity in the form of a rectangular parallelopiped, 
cylinder, &c. ; vishama-khdta, a cavity in the form of an irregular solid; 
stichi-khata, an acute one, a pyramid or cone. Sama-mili, mean measure. 
Ghana-phala, the content of the excavation, 

* The irregular solid is reduced to a regular one, te find its content, 
—Sur, 


[ 09 ] 


2/9—220. Example : two stanzas. Where the 
length of the cavity, owing to the*slant of the sides, 
is measured by ten, eleven and twelve cubits in 
three several places, its breadth by six, five and 
seven, and its depth by two, four and three: 
tell me, friend, how many solid cubits are contain- 
ed in that excavation. 


Statement : lengths, Jas eet CO 
breadth, 7 5 6; 
depths, a ५, R 


Here finding the mean measure, the breadth is 
6 cubits, the length il, and the depths. The 
number of solid cubits is found, I98. 


22I. Rule’: a couplet and a half. The aggre- 
gate of the areas at the top and at the bottom, and 
of that resulting from the sum (of the sides of the 
summit and base), being divided by six, the quoti- 
ent is the mean area : that multiplied by the depth 
is the neat’ content.’ A third part of the content 


7 To find the content of a prism, pyramid, cylinder and cone. 


* Contrasted with the result of the preceding rule, which gave a gross 
or approximate measure, 


3 Half the sum of the breadths at the mouth and bottom is the mean 
breadth ; and half the sum of the lengths at the mouth and bottom is the 
mean length : their product is the area at the middle of the tank, (Four 
times that is the product of the sums of the length and breadth.) This, 
added to once the area at the mouth and once the area at the bottom 
js gix times the mean area.—Gan, i 
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of the regular equal solid is the content of the 
acute one.’ 


[This rule gives the exact volume. The tank contem- 
plated is an ordinary one with uniformly slanting sides. 
Let ABCD be the mouth: of the tank, and #FGH its 
base, both being supposed rectangular, Suppose the 
mouth of the tank to be covered by a plane. Draw 
perpendiculars on this plane from #,F,G,H, and from 
the feet of these perpendiculars, ‘draw perpendiculars 
on AB, BC, CD, DA,as in the figure. Let AD=a, AB=b, 
EH =c, EF =d, and z=vertical 
depth of the tank. Then it 
will be easily seen that the 
tank is divided into a rectan- 
gular parallelopiped whos 
volume is edz; four triangu 
lar prisms, two and two 
being equal, the united volume being 42{(@-—c)d+(—d)c} ; 
and four equal pyramids on square bases, one at each 
corner, the united volume being 4z (a—c) (b—@). Hence 
the volume of the tank 
=z [ed+} (०-०) d+} @- d+} (७-० (6—A)} 
=2zxd€{ab+ced+(a+c) (64a). 

The last expression stated in words leads to the rule, 
The last part of the rule relating to the volumes of 
pyramids and cones is well known, Ganesa and Súrya- 
dása give curious demonstrations of the rule. See the 
foot-notes.] l 


३ As the bottom of the acute excavation is deep, by finding an area for it 
in the manner beforo directed, the regular equal solid is produced ; where- 
fore proportion is made : if such be the content, assuming three places, 
what is the content taking one? Thus the content of the regular equal 
solid, divided by three, is that of the acute one, — Súr, 
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222. Example. Tell the quantity of the excava- 
tion ina tank, of which the length and breadth 
are equal to twelve and ten cubits at its mouth, 
and half as much at the bottom, and of which the 
depth, friend, is seven cubits. 

Statement : length !? ; breadth ]0,; depth 7. 
The area at the mouthis ।20 ; at the bottom 30 ; 
reckoned by the sum of the sides 270. Total 420. 
Mean area 70. Solid content 490. 


223. Kxainple. Ina quadrangular excavation, 
the side being equal to twelve cubits, what is the 
content, if the depth be measured by nine ?.and 
in a round one, of which the diameter is ten and 
depth five? and tell me separately, friend, the 
content of both acute Solids. 


Statement of quadrangular tank: side ॥।2: 
depth 9. Proceeding as directed, the solid content 
comes out 296. The content of the acute solid 
(quadrangular pyramid) is 432. 

Statement of round tank: diameter 0; depth 5 
The content nearly exact is १60; of the acute solid 
(cone), 3३१२. Or gross content of the cylindrical 
tank is 242° : of the cone, 2324. 


{The value of r is taken to be १ (See § 204.)) 


ae © 


CHAPTER VII. 
STACKS! 


224—225. Rule’: a stanza and a half. ‘he 
area of the plane figure (or base) of the stack, 
multiplied by the height,’ will be the solid content. 
The content of the whole pile, being divided by 
that of one brick, the number of bricks is found. 
The height of the stack, being divided by that of 
one brick, gives the number of layers.’ So like- 
wise with piles of stones. 


[The stack is supposed to be in the form of a rectan- 
gular parallelopiped, and the reason for the rule is obvious. 
Bricks are, however, usually arranged in a pile so as to 
form a frustum of a quadrangular pyramid.] 


226—227. Example: two stanzas. The bricks 
of a pile being eighteen fingers long, twelve broad 
and three high, and the stack being five cuibts 
broad, eight long and three high, say what the 
solid content of the pile is; and whatthe number 
of bricks, and how many the layers. 


॥ Chiti-vyavahéra, 

2 To find tho solid content of a pile of bricks, or of stones or other 
things of uniform dimensions : also the number of bricks and of strata 
contained in the stack. 

३ Chiti, a pile or stack. 

+ Uchchhraya, uchchhriti, auchchya, height. 

5 Stara, layer or stratum, 


[ i ] 
Statement : length of pile, 8; breadth, 5; height, 
3. Bricks, ¢ by $ by है. 


Answer. Solid content of the brick, #; ; of the 
stack, I20. Number of bricks, 2560. Number of 
layers, 24. 


So likewise in the case of a pile of stones. 


20 


CHAPTER IX. 
ee Wi 


——— 


228. Rule: two half stanzas.” Half the sum 
of the thickness at both extremities, multiplied by 
the length in fingers, and the product again multi- 
plied by the number 0 sections of the timber, 
and divided by five hundred and seventy-six,’ will 
be the measure in cubits. 

(The faees of the timber to 4 
which the sections are parallel, हू 2 
are supposed to be trapeziums, 
and the ends are supposed to be 
rectangular. Let ABCD repre- 
sent one of the sections, Then 5 
its area =}( AB + CD) x perpendicular distanee between AB 
and CD=} (AB+CD)x AD, nearly, The objeet of the 
reckoning is to settle the sawyer’s charge whieh is ata 
certain rate for each square cubit along which the sawing 
is made. Hence the above area must be multiplied by the 
number of sections to get the total area for which the 
charge is to be reckoned. ] 

229. Example. Tell me quickly, friend, what the 
reckoning will be in cubits, for a timber the thickness 
of which is twenty fingers at the root, and sixteen 

| Krakacha-vyavahdra, determination of the reckoning concerning 
tho saw (krakacha) or iron instrument with a jagged edge for cutting 
wood.— Súr. 

? The concluding half of one stanza',bogun in the preceding rule 
(§ 225), and the first half of another stanza of like metre completed in the 
following rule (§ 230). 

१ To roduce superficial fingers to superficial cubits. 


| 
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fingers at the tip, and the length a hundred fingers, 
and which is cut by four sections. 


X Statement : length 00_; thicknesses 20 and 46. 
umber of sections, 4. 


Half the sum ofthe thicknesses at the two extre- 
mities, ॥8, multiplied by the length, makes 800 ; this 
multiplied by the number of sections, gives 7200 ; 
divided by 576, gives the quotient in cubits. 2°. 

230. Rule : halfastanza. But when the wood is 
cut across, the superficial measure is found by the 
multiplication of the thickness and breadth, in the 
mode above mentioned. 

{The reason for the rule is obvious. | 

28I. Maxim. The price for the stack of bricks 
or the pile of stones, or for excavation and sawing, 
is settled by the agreement of the workman, accord- 
ing to the softness or hardness of the materials.’ 

232. Example. Tell me what the superficial 
measure in cubits will be, for nine cross sections of a 
timber, of which the breadth is thirty-two fingers, 
and thickness sixteen. 

Statement: breadth 32; thickness 6. Number of 
sections, 9. 

Answer : 8 superficial cubits. 

[The timber is supposed to be in the form of a rectan- 
gular parallelopiped.} 


_ ३ If the breadth be unequal, the mean breadth must be taken,— Gan. 
and Sar. 

४ This is levelled at certain preceding writers who have given rules for 
computing specific prices or wages, as A’rya-bhatta quoted by Ganesa, 
and as Brahmagupta (XII, 49) ; particularly in the instance of sawyer’s 
work, by varying the divisors according to the difference of the timber. 


CHAPTER X. 
MOUND' OF GRAIN. 


233. Rule. The tenth part of the circumference 
is equal to the depth (height?) in the case of coarse 
grain ; the eleventh part, in that of fine; and the 
ninth, in the instance of bearded corn.* A sixth of 
the circumference being squared and multiplied by 
the depth (height), the product will be the solid 
cubits :* and they are khdris of Magadha.’ 


! Rdsi-vyavahdra, determination of a mound (of grain). 

2 Bedha, depth. Here it is the height in the middle from the ground to 
the summit of the mound.—Sur. 

३ Anu, sikshma-dhanya, fine grain, as mustard seed, &c.—Gan, As Paspa- 
lum Kora, &c.— Mano. As wheat, &e.—Súr. 

Ananu, sthila-dhdnya, coarse grain, as chiches (cicer arietinum).— Gan. 
and Súr. As wheat &c.— Mano. Barley, &c.—Chaturveda on Brahm, 

Stkin, stka-dhdnya, bearded corn, as rice, &c. 

The coarser the grain, the higher the mound. The rule is founded on trial 
and experience ; and for other sorts of grain, other proportions may be 
taken, as 94 or ]0} or ]2 times the height, equal to the circumference. — 
Gan. and Sir. The rule is taken from Brahmagupta, XII, 50, 

“This is a rough calculation, in which the diameter is taken at one- 
third of the circumferonce. The content may be found with greater pre- 
cision by taking a more nearly correct proportion between the circum- 
ference and diameter.—Gan. 

5 See § 7. The proportion of the khdré or other dry measure of any 
province to the solid cubit being determined, a rule may be readily for- 
med for computing the number of guch measures in a conical mound of 
grain, Ganesa accordingly delivers rules by him devised for the ४874) of 
Nandigrama and for that of Devagiri : ‘the circumference measured by 
the human cubit, squared and dividod by sixteen, givesithe kAdré of Nan- 
digrama ; aud by sixty, that of Devagiri.’ (Devagiri, lit. mountain of the 


[ 7} 


[The mound is supposed to be conical, the height being 
stated arbitrarily. The circumference of the base being 
given, the height will of course depend on the vertical 
angle of the cone. The rule is very rough, the value of 
ग being taken equal to 3, as Ganesa remarks. 

Let r denote the radius of the base, and A the height, 


Then the volume of the mound=} ग ४ ० —— xh= 


circumference) १ 5 
( 6 ) h, supposing r =3.] 

234. Example. Mathematician, tell me 
quickly how many kķkĀárís are contained in a 
mound of coarse grain standing on even ground, 
the circumference of which (mound) measures 
sixty cubits ; and separately say how many (are 
there’ in a like mound of fine grain and in one of 
bearded corn. 

Statement : circumference 60 ; height 6 

Answer : 600 khdris of coarse grain. But of 
fine grain, the height is ff, and quantity thence 
deduced, ३३" So, of bearded corn, the height 
is छु, and quantity 2९? khdris. 

235. Rule. In the case of a mound piled 
against the side of a wall, or against the inside or 
outside of a corner of it, the product is to be 
sought with the circumference multiplied by two, 
gods, is better known by the name of Daulatabad, which the Emperor 
Muhammad conferred on itin the l4th contury. Nandigrdma, lit. the 
town or village of Nandi, Siva’s bull and vehicle, retains the antique name, 
and is situated about 65 miles west of Devagiri.) He further observes 
that the cubit intended by the text isa measure in use with artisans, 


called in vulgar speech ggj ; and a khdri equal to sucha solid cubit will 
contain twenty-five manas and three quarters. 
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four, and one and a third ; and is to be divided 
by its own multiplier.’ 

[The reason for the rule is clear from the foot-note. 
The circumferences that are supposed to be given in the 
three cases are respectively half, one-fourth, and three- 
fourths of that of the base of the complete conical mound, } 

236—237. Example: two stanzas. Tell me 
promptly, friend, the number of solid cubits con- 
tained in a mound of grain, which rests against 
the side of a wall, and the circumference of which 
measures thirty cubits ; and that contained in one 
piled in the inner corner and measuring fifteen 
cubits ; as alsoin one raised against the outer 
corner and measuring nine times five cubits. 


ot 
Statement : 


Twice the first mentioned circumference is 60. 
Four times the next is 60. The last multiplied 
by one and a third is likewise 60. With these. the 
product is alike 600. This being divided by the 
respective, multipliers, gives the several answers,” 
300, 50 and 450, 


!Agaiust the wall, the mound is half a cone;in the inner cor- 
ner, a quarter of a cone ; and against the outer corner, three quarters, 
The circumference intended is a like portion of a circular base; and the 
rule finds the content of a complete cone, and then divides it in the pro- 
portion of the part. See Gan., &c. 

a For coarse grain: but the product is 
bearded corn; and the answers are ३११०, 259 
4502 —Gan, हट. 
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CHAPTER XI. 
SHADOW’ OF A GNOMON. 


238. Rule? The number five hundred and 
seventy-six being divided by the difference of the 
squares of the differences of both shadows and of 
the two hypotenuses, and the quotient being 
added to one, the difference of the hypotenuses 
is multiplied by the square root of that sum; and 
the product being added to, and subtracted from, 
the difference of the shadows, the moieties of the 
sum and difference are the shadows. 

[The translation of the last sentence is not quite 
correct. It should be, ‘and the difference of the shadows 
being addedito and subtracted from the product, the 
moieties, &c.”’ 

The rule, as the author hints in the example which 
follows (६239), is founded on the algebraic solution of a 
quadratic equation, Ganesa gives it at length after the 
manner of the author’s Vija-ganita. It is however very 


१ Chhéyd-vyavahdra, determination of shadow ; that is measurement 
by means of a gnomon: 

2 The difference of the shadows and difference of the hypotenuses 
being given, to find the length of the shadows and hypotenuses—Sir, 

This rule is the first in the chapter, according to all the commentators 
except Súryadása, who begins with the next, $240, and places this after 
$244. 

3 Chhayd, bhá, prabhd, shadow, 

Sanku, nara, nri, a gnomon, usually 42 fingers long. 

Karnu, hypotenuse of the triangle, of which the gnomon is the per- 

-pendicular, and-the shadow the base. 
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long and not at all clear, and so it has not been yiven 
in the foot-note. The rule may be demonstrated after 
the manner of modern algebra as follows :— 
Let ABC be a triangle, and 4D A 
perpendicular to BC. Then 
BD, DC are called the shadows 
of the sanku or gnomon AD, 
which is supposed to be ३१ 
fingers long ; BD, DC being Be D पन 
supposed to be the shadows on a horizontal plane of the 
gnomon A D, produced either by sunlight at two different 
hours of the day, or by artificial light. The object of 
the rule is to find these shadows, the difference of AC, 
AB, and of CD, DB being supposed known, 

Let BD=z, DC=r+a, AB=y, AC=y+s, a and b 
being known, and the measurements being in fingers. 

Then y? — 2? =(y 46)? - (2 +a) 345; 


क ऐट 
by =ax+ a? 


He ४०३ 


whence by squaring and substituting »&४4-44 for 7°, 
we obtain the quadratic 


04 wy: ° व4क02 ) 

We दीर z+( ame RY) 

: | 6 
solving which we get r=} { -०+-6 (a ae se D हु 


(the upper sign only being admissible), 
_ 576 
and z+a=} fa TN (i a6 = 5») | ही 


These results stated in words lead to the rule. The rule 
is not of much importance.) 


239. Example. The ingenious man, who tells 
the shadows of which the difference is measured 
by nineteen, and the difference of hypotenuses by 


Mui | 


thirteen, I take to be thoroughly acyuaiated with 
the whole of algebra as well as arithmetic. 


Statement: difference of shadows, I9; diffe- 
rence of hypotenuses, 3. (Gnomon 2.) 


Difference of their squares I92. By this divide 
576 : quotient 3. Add one. Sum 4. Square root 
2. By this multiply the difference of hypotenuses 
l3 : product 26. Add it to, and subtract it from, 
the difference of the shadows 39. 


{The translation here is incorrect ; it should be, “add 
to it, and subtract from it, the difference, &c.” See note 
to §238.] 


Half the sum and difference are the shadows, 
Wag छ छा च 


Under the rule in § 34, the gnomon being the 
upright, and the shadow the side, the square root 
of the sum of their squares is the hypotenuse, 
Thus the hypotenuses are *+ and अ 


240. Rule': half a stanza. The gnomon mul- 
tiplied by the distance of its foot from the foot of 
the light, and divided by the height of the torch’s 
flame less the gnomon, will be the shadow. 


! The elevation of tho light and (horizontal) distance of its foot from 
the foot of the gnomon being given. to find the shadow.—Gan. 


श्र 
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The rule follows from similar triangles as explained 
by Stiryadasa, as follows :— 

Let A ve the position of the light, CD 
the gnomon, and DZ its shadow. From 
A draw AB perpendicular to ED pro- F 
duced. Through D draw DF parallel to NA 
AE, Then from the similar triangles 

F DE _ BD ८ DE 

CDE, FBD, we get Den BR? whence 2 


कै 07 प्क » Ef CD =AF. Hence the rule.) 


DE 
24l. Example. If the base between the 
gnomon and torch be three cubits, and the eleva- 
tion of the light, three cubits and a half, say 
quickly, friend, how much the shadow of a 
gnomon will be which measures twelve fingers. 


Statement: gnomon $; distance between 
gnomon and torch, 4 ; elevation of the light, 3. 


Answer. Proceeding as directed, the shadow 
comes out ]2 fingers. 


949. Rule’: half a stanza. The gnomon 
being multiplied by the distance between it and 
the light, and divided by the shadow, and the 
quotient being added to the gnomon, the sum is 
the elevation of the torch. 

[As Suryadasa. remarks, this rule also follows from 
similar triangles. sce figure in the note to § 240.] 


१ To find the elevation of the torch, the length of the shadow, and the 
(horizontal) distance being given.—Sitr. 


[ ı63 ] 


243, Example. If the base between the torch 
and gnomon be three cubits, and the shadow be 
equal to sixteen fingers, how much will be the 
elevation of the torch? And tell me what the 
distance is between the torch and gnomon (if the 
elevation be given.) 

Statement : distance between torch and gno- 
mon, 3 ; shadow # 

Answer : height of the torch अ. 


244, Rule’: half a stanza. The shadow, 
multiplied by the elevation of the light less the 
gnomon and divided by the gnomon, will be the 
interval between the gnomon and light. 

This like the preceding rule also follows from similar 
triangles. ] 

Example, as before proposed ( § 243.) 

Answer: distance 8 cubits. 


245. Rule’: a stanza and a half. The length 
of a shadow multiplied by the distance between 
the terminations of the shadows and divided by 
the difference of the lengths of the shadows, will 
be the base. The product of the base and the 
gnomon, divided by the length of the shadow, 
gives the elevation of the torch’s flame.’ 

To find the (horizontal) distance, the elevation of the torch and 
length of the shadow being given.—Gan. and Súr. 

१ The gnomon being set up successively in two places, the distance 
between which is known, and the length of the two shadows being given, 


to find the elevation of the light, and the base —Gan. and Sur. 
? The rule is borrowed from Brahmagupta (XII, 54), 


[HSN 


In like manner is all this, which has been before 
declared, pervaded by the Rule of Three with its 
variations, as the universe is by the Deity.’ 


{Let A be the position of the light, 4 
6, D, the positions of the foot of the 
gnomon, and 67), EF, the correspon- 
ding shadows, Let 70%, BA=y 
CD=a, 7707 न /, CE=c, the measure- B CE 
ments being in fingers. 


Then from similar triangles we have, 


a 
whence r == . 


0-6 

a(b--e—a 
Ans x + a= > ) बयान कपी ay 

र ५ OH tay 
anda ue PAs) 


a b ? 

whence the reason for the rule is obvious. Bháskara’s 
own explanation is practically the same as the above,0 
but itis not clearly put. He at once states a proportion 
which is equivalent to equation (l) above, but he does 
not explain how,it is obtained,] 


246. Example. The shadow of a gnomon 
measuring twelve fingers being found to be eight, 
and that of the same placed on a spot two cubits 
further in the same direction, being measured 
twelve fingers, say, intelligent mathematician, 


7 The author intimates that the whole preceding system of computation, 
88 well as the rules contained under the present head, as those before 
delivered, is founded on the rule of proportion, —Gan, 
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how much the distance of the shadow’ from the 
torch is, and the height of the light, if thou be 
conversant with computation, as it is termed, of 
shadow. 

Statement : shadows, 8, 2 ; interval between 
the positions of the foot of gnomon, 48. 


Here the interval between the termination of 
the shadows is in fingers 52. The first shadow 8, 
multiplied by the interval 52, and divided by the 
difference of the length of the shadows, wiz., 4, 
gives the length of the base 04. It is the distance 
between the foot of the torch and the tip of the 
first shadow. So the length of the base to the tip 
of the second shadow is 56. 


The product of the base and gnomon, divided 
by the shadow, gives both ways the same eleva- 
tion of the light, viz., 64 cubits. 

“In like manner, &c."— Under the present 
head of measurement of shadow, the solution ig 
obtained by putting a proportion: wiz., if go 
much of the shadow, as is the excess of the 
second above the first, give the base intercepted 
between the tips of the shadows, what will the 
first give ? The distances of the terminations of 
the shadows from the foot of the torch are in 


Al) the commentators appear to have read ‘gnomon’ in this place 
but one copy of the text exhibits ‘shadow’ as the reading : and this seems 
to be correct 

? Reference to the text, $245. [The author here purports to, explain 
fully what he has hinted at before.—ED.] 


gs | 


this manner severally found. Thena second pro- 
portion is put: if, the! shadow being the side, the 
gnomon be the upright; then, the base being 
the side, what will be the upright? The elevation 
of the torch is thus found; and is both ways 
(that is, computed with either shadow,) alike. 

[See note to § 245 ] 

So the whole sets of five or more terms are ex- 
plained by twice putting three terms and so forth. 


As the Being, who relieves the minds of his 
worshippers from suffering, and who is the sole 
cause of the production of this universe, pervades 
the whole, and does so with his various manifesta- 
tions, as worlds, paradises,’ mountains, rivers, gods, 
demons, men, trees,” and cities ; so is all this collec- 
tion of instructions for computations pervaded by 
the rule of three terms. Then why has it been set 
forth by so many different (writers, with much 
labour and at great length) ? The answer is :— 


247. Whatever is computed either in algebra 
or in this (arithmetic) by means of a multiplier and 


। Bhuwana, worlds, Bhavana, paradises, the abedes of Brahmá and 
the rest of the gods. [The reading here adopted by Colcbrooke is 
apparently different from that in Pandit Jivananda Vidyáságara’s edition 
in which we have sakala-bhuvana-bhavanent, which rendered becomes, 
‘who is the creator of all the worlds,’ the words, ‘ world’s and ‘paradises’ 
iv Colcbrooke's translation, being omitted in that case, —Ep.| 

3 Naga, either tree or mountain. The term, however, is read in the 
text by none of the commentators besides Ganesa, 

3 Ag Sridhara and the rest.— Mano. As Brahmagupta and‘ others,— 


Gang. 
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a divisor, may be comprehended by the sagacious 
learned as the rule of three terms. Yet has it 
been composed by wise instructors in miscellaneous 
and other manifold rules, teaching its easy varia- 
tions, thinking thereby to increase the intelligence 
of such dull comprehensions as ours. 

[The following example occurs in the Vija-gunita :— 

The shadow of a gnomon twelve fingers high being 
lessened by a third part of the hypotenuse, became fourteen 
fingers long. Tell quickly, mathematician, that shadow.f 

Let x denote the length of the shadow. Then the 
hypotenuse = ,/r?y]44, and we get the equation, 
लई ० नवव 4, whence 2 (2 -- 63 24405 =0, or (22-45) 
(e-9)=0; .. z= = or 9. The second value being less 
than 74: is inadmissible as is noticed by Bhaskara, 


e ~ 
कयस्य विलवेनोना दादशाडुलशइसा। 
जतुइंशाङ्गलाजाता गणक ब्रहि तां द्रुतम्‌ ॥ 


CHAPTER XH. 
PULVERIZER. 


248—252. Rule: five stanzas. 


248. In the first place, as preparatory to the 
investigation of a pulverizer, the dividend, divisor 


i Kuttaha-vyavahira or kuttakddhydya, detormination of a grinding 
or pulvorizing multiplior, or quantity such that a given number being 
multiplied by it, and th | added toa given quantity, the sum (07, 
if the additive bo negative, the difference) may be divisible by a given 
divisor without remainder. Anttaka or kutta from kutt, bo grind or 
pulverize ; (to multiply : all verbs importing tendency to destruction 
also signifying multiplication.—Gan.) The dorivative import of the 
word is retrained in the present version to distinguish it from multiplier 
in gencral ; kulitaka boing restrictod to the particular multiplier of the 
problem in question. 

According to the remark of Ganosa, his chapter as woll as the 
following chapter on combination belongs to algobra rather than arith- 
urotic : and they are horo introduced, as he obsorvos, and treated 
without omploying algobraie forms, fo gratify such as are unaequainted 
with analysis. See Vija-ganita, Chap. IH. from which the present 
chapter is borrowed, the contonts being copied, with some variation of 
the order, nearly word for word. 

Ganesa notices an objection, namely, that this subject ought not to have 
boen introduced into a treatise on arithmetic, while a passage of A’rya- 
bhatta expressly distinguishes it from both arithmetic and algebra : “tho 
multifarious doctrine of the planots, arithmetie, the pulverizer (Luttaka), 
and analysis (vija) and the rest of, the science treating of seen (or 
physical) objects.” Ho answers the objection by saying that mathematics 
(ganzta) consists of two branches treating of known and of unknown 
quantity (vyakta-ganita and avyikta-ganita) ; that the investigation of 
the pulverizor is comprehended in algebra ; and that the soparute mention 
of this subject by A’ryabhatta and other ancient authors is intended to 


[ eo | 
and additive quantity’ are, if practicable, to be redu- 
ced by some number.’ If the number, by which the 
dividend and divisor are both measured, do not 
also measure the additive quantity, the question 
is an ill put (or impossible) one. . 

249—25l. The last remainder, when the divi- 
dend and divisor are mutually divided, is their 
common measure.” Being divided by that common 
measure, they are termed reduced quantities.’ 
Divide mutually the reduced dividend and divisor, 
until unity be the remainder in the dividend. 
Place the quotients one under the other, and the 
additive quantity beneath them, and cipher at the 
bottom. By the penult multiply the number next 
above it and add the lowest term. Then reject 
the last and repeat the operation until a pair of 
numbers be left. The uppermost of these being 
abraded’ by the reduced dividend, the remainder 


indicate its difficulty and importance. In Brahmagupta’s work, the 
whole of algebra is comprised under the title of kuttahédhydya, chapter 
on the pulverizer. See Brahm., Ch. XVIII. 

3 Ashepa or yuti, additive ; from ship to cast or throw in, and from 
yu bo mix, Visuddhi, subtractive quantity. 

? Apvavartanc, abridgment.—Gan. Reduction to least terins, division 
without remainder ; also the number which serves to divide without 
vesidue, the cominon measurc.—Siir, [Itis really the greatest common 


measure.—Ep } 
3 Dridha, Grim; reduced by the common divisor to the least term- 


The word is applicable to tho reduced additive, as well as to the dividend 


and divisor. ee 
“Tashta, abraded ; from taksh, to pare or abrade : divided, but the resi 


due taken, disregarding the quotient, —8úr. As it were a residue after 
repeated subtractions. —Gang. 
Taksiana, tho ebrader : the divisor emplo} 2? in such operation 


22 
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is! the quotient. The other (or lowermost) being 
in like manner abraded by the reduced divisor, 
the remainder is the multiplier. 


252. Thus precisely is the operation when the 
number of quotients is even. But if the number 
be odd, the numbers as found must be subtracted 
from their respective abraders, and the residues 
will be the true quotient and multiplier. 


[This Chapter, as Ganesa remarks, properly belongs 
to Algebra and not to Arithmetic. We have already 
seen, however, that the present treatise deals with both 
Arithmetic and Algebra, 


The whole of this Chapter is occupied with problems 
produeing indeterminate equations of the first degree, and 
ihe objeet of the several rules is to find positive integral 
solutions of such equations. The reason for the above 
rule will be best understcod from the example in § 253 
Let y denote the multiplier and = the integral quotient 
Ti 22l +65 र हु 
Then we gct A =x, ond the object of the rule is 
to fnd positive integral solutions of this equation. 


To ell 


This equation is of the type Az— By=0, A being less 
than B, and the rule refers to cases of this elass. Convert 


B 


into a eontinued fraetion, and suppose the result is 


A 
B i य 
हः 


uli Let A be the convergent immediately 


iil ) 


preceding £ . Then we know that 2=00, 7500, 


or r=(B—q) 0, y=(4A-— p) 0, [8 one solution of equation (7), 
according as Ay—Bp=+ ३; and that the general 
solution is g=a+ Ri, y=B+At, where a and 8 are one 
set of values of z and y, and where we may give tof any 
positive integral value, and also such negative integral 
values as make Bt and .4é numerically less than ५ and £ 
respectively. (See Todhunter’s Algebra, Arts, 630, 634.) 


Now the successive convergents- to Z are = ) tei 3 
०॥९८--०-- ९ 
vee 
(See Todhunter’s Algebra, Art. 604), and the object 
of the rule in § 25 is to find the value of the convergent 
L and thence the value of thc quantities 90, pC. 


ET 


, &c., the law of formation being well known 


The rule, however, is not clearly expressed, and it is 
dificult to understand its working. An cxplanation of 
the rule by means ofa particular example is given by 
Krishna in his commentary on the V2ja-ganita, from which 
we may deduce the following general explanation. Let 
us first consider the case where the number of quotients 
exclusive of the last one is two, vi., a, b, the additive 
being C, Then according to the rule we get the series 
a,b, ४, 0, The rule next directs us to multiply the 
penultimate (C) by the number preceding it, viz., b, and 
to add the last term, wz., 0, to the produet. We thus 
get 6C+0 or b0, and we have now to replace the previous 
multiplier b by this quantity 06, and reject the last term 
0. We thus have the new’ series, a, 60, C, with which we 
have to repeat the above operation : that is, we have to 
multiply the penultimate 00, by a, and add the last term 


| ॥॥2 |] 


000 the product ; whence we get ab0+0, by which we 
have to replace the multiplier ०, and we have to reject 
C. The series thus becomes «bO +C, bO, and this consis- 
ting only of two terms, we infer according to the rule 
that 9C=ab04+0, and pC=bC. But we know asa matter 
of fact that in the case we are considering, g=ad +l, 
and p=b; thus the rule holds good in this case, We may 
now prove by induction that the rule holds universally. 
For supposing the number of quotients exclusive of the 
last one to be three, vizą a, b, œ all we have got to do 
is to take the additional quotient ८, so that we have to 


write + = for 5 in the above expressions for gC, pC; and 


ग 
i= ome 
१९ a( t =) १७९ 0000006 


we get in this case On = 7 


so that gO=a(bceC+C)+eC, and pC=4c0+C. But 
it is easy to see from the very nature of these expres- 
sions that they are precisely what we would get by 
means of the rule, if we take into consideration the 
quotient c. Thus we see that the rule is, universally 
true. In the present example, Ol ४3%, c=2, and 7 
is the last quotient but one, Hence, ९-5८९८0-4-३-_?-4-3, 
and gC=7x545; p=b=7, and pC=7x5. And 
‘’ in this case Ag— Bp=l, .. 2 =40, y=35, is one solution. 
Hence putting ०54०0, B=35, and ¢=—2, in the general 
expressions for g and y, we get z 3%0-7>%26, y=35-— 
१5२८2-55. These are the least positive integral values, 
Putting (5-7, we get 7=23, y=20, and so on, Or taking 
2=6, y=5, as one solution, we may get others from the 
expressions 6-4-27 f,S+i5ti,by giving to ¢ any positive 
integral value. Thus putting /७7१, we get 72523, y=20. 
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putting ¢=2, we get 2540, y=35; and so on. Thus the 
reason for the process in § 253, as well as that for the 
rule in § 262, is clear. The meaning of the term abraded 
as used by the author is also clear.] 


293. Example. Say quickly, mathematician, 
what that multiplier is, by which two hundred and 
twenty-one being multiplied, and sixty-five added 
to the product, the sum divided by a hundred and 
ninety-five becomes exhausted. 

Statement : dividend १४ 

divisor 95° 
Here the dividend and divisor bemg mutually 
divided, the last of the remainders (or divisors) is I3. 
By this common measure, the dividend, divisor and 
additive, being reduced to their least terms, are 
dividend 77, divisor 30, additive 5. The reduced 
dividend and divisor being divided reciprocally, 
and the quotients put one under the other, the 
additive under them, and cipher at the bottom, 
the series? which results is l. 
7 
5 
0 


Additive 65. 


Then multiplying by the penult the number 
above it and proceeding as directed, the two quan- 
tities are obtained 40. These being abraded by 

35 


२ Fglli, series, 


cij 


the reduced dividend and divisor l7 and I5, the 
quotient and multiplier are obtained 6 and 5. Or, 
by the subsequent rule (§ 262), adding them to 
their abraders multiphed by an assumed number, 
the quotient and multiplier (putting I) are 23 and 
20; or putting 2, they are 40 and 35; and sa 
forth. 


254. Rule. The multiplier is also found by the 
method of the pulverizer, the additive quantity and 
dividend, being either reduced by a common 
measure (or used unreduced'). But if the additive 
and divisor be so reduced, the multiplier found, 
being multiplied by the common measure, is the 
true one. 

[The reason for the rule will appear from the solution 
of the example in § 255.] 


255. Example. If thou be expert in the in- 
vestigation oi such questions, tell me the precise 
multiplier by which a hundred being multiplied, 
with ninety added to the product, or subtracted 
from it,’ the sum or difference may be divisible by 
sixty-three without a remainder. 

Statement : dividend ]00 


A 63: Additive 90. 


The quotient and multiplier are found by pro- 
ceeding as before, 30 and I8. 


३ Gan. 
३ An example of the subsequent ralo in § 256. 
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Or, the dividend and additive being reduced by 
the common measure ten, we get dividend 0, divi- 
sor 63, additive 9. Placing the quotients of reci- 
procal division, the additive quantity and cipher, one 


under the other, the series is रै . And the multi- 


aye 
च 


cD 


plier is found by the former process 45. The 
quotient? (8) is here not to be taken; 
and the number cf quotients (of the series) 
bemg odd, the multiplier 45 is to be subtracted from 
its own abrader 63; the true multipher is thus 
found 48. The dividend being multiplied by that 
multiplier, and the additive quantity being added, 
and the sum divided by the divisor, the quotient 
is found 30. 


Or, the divisor and additive quantity bemg redu- 
ced by the common measure nine, we get dividend 
l00, divisor 7, additive I0. Here the quotients, the 
additive and cipher make the series 34. The 

3 
॥0 
0 
multiplier is found 2, which multiplied by the 
common measure 9, gives the true multiplier 38. 

! [This probably means the ast quotient. There is, however, no force 
in the remark ; the last quotiont being always excluded under the rule in 
$$ 250—25].—ED.] 


| 


Or, the dividend and additive being reduced, and 
further the divisor and additive, by common mea- 
sures, we get dividend ॥0, divisor 7, additive l. 
Proceeding as before the series is }. 

n 


=> ISS 


0 
The multiplier hence deduced is 2, which taken into 
the common measure 9, gives I8; and hence, by 
multiplication and division, the qnotient comes 
out 30. 


Or, adding the quotient and multiplier as found, 
to (multiples of) their respective divisors, the 
quotient and multiplier are I30 and 8l; or 280 
and [44; and so forth. 

[Putting y= multiplier, and «=quotient, we get the 
equation 63z— -00// =90...... (G If we convert = into 
a continued fraction, the number of quotients will be 


found to be large, and so it will be tedious to form £. 


To make the process shorter, let us first consider the 
equation 682— i0y=9......(2) Now if from (2) we find 
sets of positive integral values of z and y, it is 
clear that those values of y and 30 times the 
corresponding values of ४ will be sets of positive inte- 
gral values of x and y satisfying (), ' The general solution 
of (2) will be found to be ०-«(0-- 3)9 4-20/, y =(63 -329)9 + 
63;. Putting (८-०, welget ४5३, y 3.8, as the least values. 
Thus 230, १॥8, are the least values satisfying (l). In 
the text, the least value of y is found from the expression 


63 -(I9x9+63/), by putting t= —2, and the reason for 
this is stated to he the faet that the number of quotients 
(exclusive of the last one; isodd. The explanation is that 
the number of quotients exclusive of the last one being 


odd, © is less than ह (Lodhunter’s Algebra, Art. 003), 


+4 
and so A{qg—Bp=—l, and .. the general solution is 
r=(B-qgC+ Bt y=(A-piCt+ 4/...... (3). In the text, 


the value of y is derived from the expression 
A-(pC+ 4t)...(4). Supposing .. that the expressions 
in (3) and (4) give the same values of y for certain 
values of and #, the relation between such values 
will be given by हनन. - 0, Thus it is clear that we 
ean derive values of y from both these expressions, but 
not trom the expression pO+A/, when the number of quo- 
ticuts exclusive of the last one is odd This also explains 
the statement in $252. 

Similarly, if we find values of » andy from the 
equation Tz— I00y=I0, these values of . and 9 times the 
corresponding values of y will satisfy (L). 

Lastly if we find values of » aud y from the equation 
ie—lOy=],itiseasy to see that 30 times these values 
of x, and 9 times the corresponding values of y will 
satisfy (4). Thus the reason for the rule in § 254 is 
obvious, | 


256. Rule’ : hall a stanza. The multiplier and 
quotient, as found for an additive quantity, being 
subtracted from their respective abraders, answer 
for the same as a subtractive quantity. 


!The rule serves when the additive quantity is vegative-—Gan.and Súr. 


23 
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Here the quotient and multiplier as found for 
the additive quantity ninetv in the preceding 
example, namely, 30 and 8, being subtracted from 
their respective abraders, namely, !00 and 63, the 
remainders are the quotient and multiplier which 
answer when ninety is subtractive: viz., 70 
and 45. 


Or, these being added to arbitrary multiples of 
their respective abraders, the quotient and multi- 
plier are I70 and 08, or 270 and I7I, &c. 

[Let © be the additive or subtractive quantity. Then 
the corresponding equations will he Ae—By= C...... (i). 
Ar— By=- (....... (2) 
Let ७५०, y=f, be a solution of (4). Then 44-B=C. 

~ 4 (8-०)- B (4-/४)८- 02. 

, क्र e, १७७ --/, isa solution of (2, whence the 
reason for the rule is clear. It will be readily seen that 
the general solution of (2) is e=(B—«)+ Bi, y=(A—f)+ At] 


957. Another example’. Tell me, mathemati- 
cian, the multipliers severally, by which sixty being 
mltiplied, and sixteen being added to the product, 
or subtracted from it, the sum or difference may be 
divisible by thirteen without a remainder. 


Statement: dividend 60 , ५ agitive 6. 
divisor 73 


! This additional example is unnoticed by Ganesa, but expounded by 
the rest of ths commentators, and found in al) copies of the text that 


have been collated. 
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The series found as before, is 


ss sr t> 


Hence the multiplier and quotient are deduced 2 
and 8. But the number of quotients ‘of the series) 
is here uneven ; wherefore the multiplier and quo- 
tient must be subtracted from their abraders 5 and 
60; and the multiplier and quotient, answering to 
the additive quantity sixteen, are Il and 52. These 
being subtracted from the abraders, the multiplier 
and quotient, corresponding to the subtractive quan- 
tity sixteen, are 2 and 8. 


258. Rule’: a stanza and a half. The intelligent 
calculator should take a like quotient (of both divi- 
sions) in the abrading of the numbers for the mul- 
tiplier and quotient (sought). But the multiplier and 
quotientmay be found as before, the additive quanti- 
ty being (first) abraded by the divisor ; the quotient, 
however, must have added to it the quotient obtained 
in the abrading of the additive. But in the case of 
a subtractive quantity, it is subtracted. 

[The reason for the rule will appear from the solution 
of the example which follows. |] 


!' Applicable when the additive quantity exceeds the dividend and divisor, 
—Gan ह 
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259. Example. What is the multiplier, by 
which five being multiplied and twenty-three 
added to the product, or subtracted from it, the 
sum or difference may be divided by three without 
remainder ? 


Statement : dividend 5 


ee 5" Additive 23. 
divisor £ 


Here the series is 4 and the pair of numbers found 


as before ae . They are abraded by the dividend 
and divisor, respectively. The lower number being 
abraded by 3, the quotient is 7 (and residue 2) 
The upper number being abraded by 5, the quotient 
would be 9 (and residue i); nine, however, is not 
to be taken ; but, under the rule for taking like 
quotients, seven only, (and the residue censequently 
is I). Thus the multiplier and quotient come out 
2 and ll. 


And by the former rule (§256) the multiplier and 
quotient answering to the same as a negative quan- 
tity are found, । and the negative quantity—6. 
Added to arbitrary multiples of their abraders, 
double for example, so that the quotient may be 
positive. the multiplier and quotient are 7 and 4. 
So in every (similar) case. 


[ is | 


Or, Statement for the second (part of the) rule: 


dividend 5 


Fr Additive abraded! 2. 
divisor 


ve 


The multiplier and quotient hence found as before 
are 2 and 4. These subtracted from their respective 
divisors, give | and l, as answering to the subtrac- 
tive quantity. The quotient obtained in the abra- 
diag of the additive, (viz. 7) being added in one 
instance and subtracted in the other, the results 
are 2and il answering to the additive quantity, 
and I and-6 answering to the subtractive: or, 
to obtain a positive quotient, add to the latter 
twice their divisors : andl the result is 7 and 4. 


[Putting y= multiplier, and ७ :==qnotient, we get the 
equations 38-39 = ३ 23... ). Taking the upper sign, the 
general solution will ‘be found to be r=2x23+5f, 
कच | 2343, The least positive integral values are got 
by putting / = —7, viz., r=ll,y=2. The meaning of the 
first part of the rule in ६255 is that the same negative value 
is to be given to ¢ in the expressions for ० and GE Lo 
explain the second part of the rule, we observe that 


equation (L) may be written i =¢F7=N suppose. 
We may then solve 3X—~5y=2......(2), the values of y 


being the same in (l)and (2), and the values of = being 
deducible from those of X, from the relation 2» =A +7.) 


260. Rule: one stanza. If there he no additive 


23, abraded by the divisor 3. gives the quotient 7 and residue 2. 
३ Applicable if thoro be no additive. or if it be divisible by the divisor 
without remainder. 


en 


quantity, or if the additive be measured by the divi- 
sor, the multiplier may be considered as cipher, and 
the quotient as the additive divided bv the divisor.’ 


[The rule is clear enough.) 


26]. Example. Tell me promptly, mathemati- 
cian, the multipher by which five being multiplied 
and added to cipher, or added to sixty-five, the 
division by thirteen shall in both cases be without 
remainder. 


Statement: dividend 5 


ed CUE 


There being no additive, the multipher and quo- 
tient are 0 and O or 38 and 9 or -6 and IO) and 
so forth, 


Statement : dividend 5 A dat; a 

By the rule ($ 260), the multiplier and quotient 
come out 0 and 9 ; or l3 and YO; or 26 and lo 
and so forth. 


[Putting y=multiplier, and «= quotient, we get in 


: 5४--0 s 
the first case the equation S =»; and in the second 
०... oyes त : 
case, the equation i =r. The general solution 


in positive integers of the first equation will be 


3 It is so in the latter case ; but in the formor (where the additive is 
null), the quotient is cipher.—Sur. 


T । 


readily found to be ८8१५ ४337: and that of the second, 
x=5 (l+r),y:Ll3r,wherer may be zero or any positive 
integer, ] 


Rule. Or, the dividend and additive being 
abraded by the divisor, the multiplier may thence 
be found as before; and the quotient from it, by 
multiplying the dividend, adding the additive, and 
dividing by the divisor. 


In the former example (§ 253), the reduced divi- 
dend, divisor and additive respectively are, I7, 45, 
5. Abraded by the divisor (5) the additive and 
dividend become 5 and 2; and the statement is: -- 

dividend 2 


Proceeding as before the two terms found are 9, 33. 
The second one, abraded by the divisor (58), gives 
the multiplier 5; whence, bv multiplying with tt the 
dividend (:7) and adding (the additive), and 
dividing (bv the divisor), the quotient comes 
out 6. 


[The reason for the above rule is clear. Let the 
equation be Az— By=C, and suppose B greater than A, 
and Ç less than 4, Divide B by A; let K denote the 
quotient, and B' the remainder. Thus B=KA+B’, 

B , 


हे K B’ c B : : 
ana .. E sAr ड onyert F and P into conti- 


’ This is found in one copy of the text, and is expouuded only by 
Gangddhara, being unnoticed by the other commentators. lt occurs, how- 
ever, in the similar chapter of the Vija-ganiza, $ 62. 
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nued fractions, and let a and 2 be the couvergents 
7 


p’ 
2 ; : B B' T Ge g' 
mmediately preceding — d —. Then = =K++ 
imme y preceding ee i p क्त 
Kp'+9q T ‘ ० 
= क को Liss =), and Ag— Bp=A (Kp +q )-( 4 


+ Bp =Ag'— Bip. Hence itis evident that the values 
of y found from 42—B’y=C, will be the same as those 


found from Az—By=C; and y being known, = is 
है C 
of course known from the equation z= Bole . It must be 


remarked here that the above rule applies only when the 
additive C is less than the divisor 4, so that the additive 
abraded by the divisors remains unchanged.] 


262. Rule for finding divers multiphers and 
quotients in every case: half a stanza. The multi- 
plier and quotient, being added to their respective 
(abrading) divisors multiplied by assumed numbers, 
become manifold. 


The influence and operation of this rule have 
been already shown In various instances. 


See note to ९ 252.) 


263. Rule for a constant pulverizer': one 
stanza. Unity being taken for the additive quan- 
tity, or for the subtractive, the multiplier and 
quotient, which may be thence deduced, being 
severally multiplied by an arbitrary additive or 
subtractive, and abraded by the respective divisors, 


' Sthera-kuttaku, steady pulverizer. 


L] 


will be the multiplier and quotient for such assumed 
quantity. 

In the first example (§253), the reduced dividend 
and divisor with additive unity furnish this state- 


ment: dividend 77 


divisor I5 Additive I. 


Here the multiplier and quotient (found in the 
usual manner) are 7 and 8. These multiplied by an 
assumed additive five, and abraded by the respec- 
tive divisors 89 and ॥॥, give the multiplier and 
quotient 5:and 6, for that additive. 


Next, unity bemg the subtractive quantity, the 
multiplier and quotient thence deduced are 8 and 
9. These multiplied by five and abraded by the 
respective divisors, give 0 and LL. 

So in every (similar) case. 

Of this method of investigation great use is 
made in the computation of planets. On that 
account something is here said (by way of ins- 
tance.) 

[The above rule is nota new one. The equation is 
supposed to be Az—By=+kLl...(l), and from what we 
have already seen, the general solution of this is z= + Bt, 
or=(B-q)+Bi, and y=p+ At, or=(4—p)+ dt. If now 
the additive or subtractive be any integer whatever, ie., 
if the equation be Ar- By=+C.,.(2), we have only to 
multiply q or B—y, and p or A-p by Cin the above 
expressions for .८ and y, in order to get the general solution 
of equation (2), Wemay thus regard the general value 


24 


| iso | 


of y found from (१) as a s/eady quantity from which we 
may derive the general value of y satisfying (2). This 
shows the propriety ofthe expression constant pulveriser, | 


264. A stanza anda half. Let the remainder 

of seconds be made the subtractive quantity,’ sixty 

sy . 9 . >» 
the dividend, and terrestrial days” the divisor. 
The quotient deduced therefrom will be the 
seconds ; and the multiplier will be the remainder 
of minutes. From this agam the minutes and 
remainder of degrees are found; and so on 
upwards. In like manner. from the remainder of 
exceeding months and deficient days.” may be 
found the solar and lunar days. 

The finding of (the place of) the planet and the 
elapsed days, from the remainder of seconds in the 
planet’s place, is thus shown. Sixty is there made 
the dividend : terrestrial days, the divisor ; and the 
remainder 0 seconds. the subtractive quantity : 

१ The present rule is for finding a planet’s place and the elapsed time, 
when the fraction above seconds is alone given, — Gan. 

* The number of terrestrial days in a Jalpa is stated at I5779I6430000. 
See the Ganitédhydya of tho Siddhinta-siromuni, |, 20--2]. [By a terres- 
trial day is meant the mean solur day, when itis taken for the purposo of 
astronomical measurement ; bub for practical purposes, it is taken as the 
time from sunriso to sunrise, which would make its duration variable. See 
Golidhydye, Wilkinson's trans'ation, TL 3, Bápú Dova Sdstri's note: Svrya- 
siddhdnia, Burgess’s translation, [, 34—40. note. —Ep.j 

> Adhi-misa, additive months; Jcamadina. subtractive days. Sec 
Gunitédhydya, ł, 42. [See also (rofddhydyx, IV, 0-(0, note Sirya- 
gsiddhanta. I, 47-90, note. —Ep.] The adhimdsas in a kalpa are }593300000 
{= 60299900(4 00 -+ 30-~422000%Q00 x I2}, being the excess of the lunar over 
the solar mouths The avamas in a kalpa are 25082550000, being the 
excess of the iunar days over the terrestrial days. 
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with which the multiplier and quotient are to be 
found. The quotient will be seconds ; and the mul- 
tiplier, the remainder of minutes. From this remain- 
der of minutes taken ‘as the subtractive quantity), 
the quotient deduced will be minutes ; and the mul- 
tiplier, the remainder of degrees. The residue of 
degrees is next the subtractive quantity ; terrestrial 
days, the divisor; and thirty, the dividend : the 
quotient will be degrees ; and the multiplier, the re- 
mainder of signs. The twelve is made the dividend ; 
terrestrial days, the divisor ; and the remainder of 
signs the subtractive quantity : the quotient will be 
signs ; and the multiplier, the remainder of revo- 
lutions. Lastly, the revolutions in a kalpa become 
the dividend ; terrestrial days, the divisor; and 
the remainder of revolutions, the subtractive quan- 
tity : the quotient will be the elapsed revolutions ; 
and the multiplier, the number of elapsed days. 
Examples of this occur (in the Siromani) in the 
chapter of the problems’ (Triprasnddhydya). 


In like manner, the exceeding months in a kalpa 
are made the dividend ; solar days,* the divisor ; 
and the remander of exceeding morths, the sub- 


! The elapsed days of the kalpa to the time for which the planet's 
place is found. See Ganitidhydya, I, 47—49. 

2 [See also Goladhydya, Chap. XITI.—Ep,] 

२ The solar days in a kalpa are (5855200000000 =[4320000000 x 360}. See 
Ganitidhytya, I, 40. 

[The number of solar years in a kalpa is 4320000000. See Strya-sid- 
dhanta, I, I9. note,—Eb.] 
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tractive quantity : the quotient will be the elapsed 
additional months ; and the multiplier, the elapsed 
solar days. So the deficient days in a kalpa are 
made the dividend ; lunar davs,' the divisor: and 
the remainder of deficient days, the subtractive 
quantity : the quetient will be the elapsed fewer 
days | and the multiplier the elapsed hinar days. 


[The reason for the rule for finding a planet’s place and 
the elapsed time will be best understood from the illustra- 
tion given by Ganesa and Gangadhara in arbitrary num- 
bers. Put the terrestrial days ina kalpu 9, the revolu- 
tions of the planet in the kalpa 0), the elapsed days १२. 
Then we evidently get the proportion 49 LS. i 0 : num- 
ber of revolutions already performed by the planct, whenee 
the revolutions=6,;5. Thus the planet has performed 6 
complete revolutions, and , of a revolution, so that 
to find the planet’s place, we must reduce the 
fraction # to signs (rdésis), degrees, minutes and seconds. 
Now as there are १। 2 signs in one revolution, 30 degrees in 
one sign, 60 minutes in one degree, and 60 seconds in one 
minute, we get f; of a revolution =3 signs, 23° 4.37 B, 
and this result indicates the planets place, Now sup- 
pose the remainder of seconds after division by 29, że, 
3, is alone given, and we have to find the planet’s place 
by an inverse process. Let y denote the remainder of 
minutes, and = the integral number of seconds. Then 
it is clear from the process which we adopted in reducing 


'The lunar days, reckoning thirty to the month or syuodical revolution, 
are I602999000000 in the talpa. See Ganitidhydya, T, 40,, [See also Gold- 
dhyaya, IT, 3, note. The terrestrial days in a kalpa are 57796450000. 
See ibid., TI, 3, note. These two numbers as given in the Sérya-siddhinta 
(I, 37) are slightiy different.—Ep.] 
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the fraction is, that ao =x, the general solution of 
which is given (६256) by 7=60~(57460#), ५२49 

(L8+9¢). The only positive integral solution is got by 
putting (०0; then y=3, ४०३. The quotient æ is the 
number of seconds, vizc, 3; and the multiplier y is the 
remainder ofminutes, v/s, |. It is easy to see that there 
can be only one positive integral solution satisfying the 
conditions of the problem. For « must obviously be less 
than 60, and y less than 29; so that 57460¢ must be 
positive and less than 60, and I8+I9! must be positive 
and less than I9. Hence there can be only one value 
off satisfying these conditions, and consequently only 
one positive integral solution satisfying the problem. 
Making the necessary changes in the coefficient of y 


and in the subtractive quantity, and repeating the 
above process, we clearly obtain the number of 
minutes, degrees and signs indicating the planet's 
place, and the elapsed days, Thus the reason for 
the rule is clear. 

Similarly, to find the number of solar days which 
have elapsed from the beginning of a kalpa up to any 
given epoch, suppose S, y, denote respectively the 
saura Gays in the kalpa and the suura days elapsed, 
and J, a, the corresponding additive months. 
Now since one additive month occurs in 
every 32} solar months (Golddhydya, IV, 9,(0), 
we evidently get the proportion, 8 : 4 i: ४: 6, 


l i ह 

whence a= a =+ | suppose, r being an in teger, and ` 
{> 4 

: y= b : 

a proper fraction, Consequently, Ares =e, and a posi- 


S 
tive Integral solution of this equation will give the solar 
days and the integral number of additive months that 
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have elapsed. Since by supposition, y is less than S, and 
zx less than A, we can show as above that there can be 
only one positive integral solution, satisfying the condi- 
tions of the problem, 

The case of finding the elapsed lunar days from the 
given remainder of deficient days or uramas, is precisely 
similar to the above, it being observed that an avama 
occurs in 644 lunar days (Golddhydya, IV, 2). 


In a period of 32} solar months there are 334 
lunar months very nearly; this excess of the 
number of lunar months, viz,, one lunar month is 
called an adhimdsa or additive month, because 
a proportionate multiple of it is to be added to the solar 
months in any given period in order tu convert them into 
lunar months. Again, in a period of 64, lunar days 
there are 63,), terrestrial or mean solar days very nearly; 
this difference between the two numbers, viz , One mean 
solar day, is called an avama or subtractive day, because 
a proportionate multiple of it is to be subtracted from 
the lunar days in any given period in order to convert 
them into mean solar days.] 


265. Rule for a conjunct pulverizer. If the 
divisor be the same and the multipliers various, 
then, making the sum of those multipliers the 
dividend, and the suin of the remainders a single 
remainder, and applying the foregomg method of 
investigation, the precise multiplier so found is 
denominated a conjunct one. 


१ Sunslishta-kuttaka or — sanslishtasphuta-kuttaka, a distinct 
pulverizing multiplier belonging to cenjunct rosidues.—Gan. A multiplier 
deduced from the sum of multipliers and that of remainders.—Sjr. 


॥ | 


[The reason for the rule will appear from the solution 
of the example which follows.] 


266. Example. What quantity is it, which 
multiplied by five, and divided by  sixty-three, 
gives a residue of seven ; and the same multiplied 
by ten and divided by sixty-three, a remainder of 
fourteen? Declare the number". 

Here the sum of the multipliers is made the 
dividend, and the sum of the residues, a subtractive 
quantity ; and the statement is as follows :— 

dividend !9 
divisor 63° 
least terms :— 
dividend 5 
divisor 2. 

Procecding as before, the multiplier is found l4. 

[Iv this example we have two simultaneous equations 
involving three unknown quantities. Let y=quantity 
required. Then we have evidently, 57=63m4+7, 
709 3635-३4, where w and n» are certain positive 
integers, Put m+n=z2z; thus, 6802-53 —2l, whence y 
can be found by $256, and the reason for the rule in 
§265 is obvious. ] 


Subtractive 2l. Or reduced to 


Subtractive 7, 


7 [See Golddhyayn, RIT, 3--9.--र्‍.) 

2 The quotient as it comes out in this operation is not to be taken : but 
it is to be separately sought with the several original multipliers applied to 
this quantity and divided by the divisor as given.—Gan. 


CHAPTER XUL 
COMBINATION OF DIGITS. 


267. Rule” The product of multiplication of the 
arithmetical series beginning and increasing by 
unity and continued to the number of places, will 
be the variations of number with specific figures : 
that divided by the number of digits and multiplied 
by the sum of the digits, being repeated in the 
places of figures and added together, will be the 
sum of the permutations. 

(Let there be » digits. Then evidently there are |u num- 
bers whieb can he formed with all these digits. Consider 
any one of these digits, and denote it by d, In १-7] cases, 


d is iu the units’ place in as many cases d is in 
the tens’ place, in as many cases fis in the 
hundreds’ place, and so on, Thus the sum arising 
from the ¢ alone is Ju— Vd 4+0d + TOOS lO, 
Proceeding similarly with the other digits, we get the sum 
ofall the numbers =|» — १ १९ sum of digits x(l0"-!+...40 


i = a x sum of digits x(L0°"'+,,.+l0+l), which sta- 
n 


ted in words leads to the rule.” The meaning of the phrase, 
being repeated in the places of figures and added together, is 
obvious See foot-note to §43.] 


‘Anka påsavwyaąvæhúira, concatenation of digits : a mutual mixing of the 
numbers, as it wero a rope of numbers, their variations being likened to a 
coil. See Gan, and Sur. 

To find the numbor of the pertnututions and the sum or amount of 
them, with specific uumbers.— Gan, and Stir, 
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268. Example. How many variations of num- 
ber can there be with two and eight, or with three, 
nine and cight, or with the continued series from 
two to nine? Tell promptly the several sums of 
these iuunbers. 


Statement of the first example: 2, 8. Here 
the number of places is 2. The product of the 
series from } to the number of places and mereas- 
ing by unity. will be 2 Thus the permutations 
of number ave found 2. That product 2. multi- 
plied by the sum of the figures IO, is 20; and divi- 
ded by the number of digits 2, is I. This repeat 
ed in the places of figures (! ta) and added toge- 
ther, is LI0, the sum of the numbers. 

Statement ol the second example : 3, 9, 8. 

The arithmetical series is l. 2.3, of which the 
product is 6; and so manv are the variations of 
number. That multiplied bv the sum 20, is 20; 
which divided by the number of digits 3. gives 40 ; 
and this, repeated in the three places of figures 
and summed, makes 4440, the sum of the 
numbers. 

Statement of the third example : 2, 3, 4, 5, 6, 7 
७, 9. The arithmetical series begining and 
increasing by unityis L, 2, 3, 4, छ, 6, 7,8. The pro- 
duct gives the permutation of numbers. 40320. 
This, multiplied by the suin of the figures 44, is 
]774080, which divided by the number of terms 8, is 
227850 ; and the quotient being repeated in the 

25 


? 
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eight places of figures and summed, the total is the 
sum of the numbers, 2463999975360. 

269. Example. How manyare the variations 
of form of the god Sambhu by the exchange of his 
ten attributes held reciprocally in his several hands, 
namely, the rope, the elephant’s hook, the serpent, 
the tabor, the skull, the trident, the bedstead, the 
dagger, the arrow, and the bow' as those of Hari 
by the exchange of the mace, the discus, the: lotus 
and the conch ? 

Statement : number of places 40. 

In the same mode, as above shown, the vari- 


tions of form are found 3628800. 550 the variations 
of form of Hari are 24. 


270. Rule.” The permutations found as before, 


न 


१ Sambhu or Siva is represented with ton arms, and holding in his ten 
hands the ton weapons'or symbols here specifed ; and, by changing the 
several attributes from onc hand to another, a variation may bo effected in 
the representation of the idol, in the same manner as the image of Iari or 
Vishnu is varied by the exchange of his four symbols in his four hands. 
The twenty-four different reprosentations of Vishnu, arising from this 
diversity in the manner of placing the weapons of attributes in his four 
hands, are distinguished by as many discriminative titles of the god allot- 
ted to those figures in the thoogonies or Purd nas. It.does not appear that 
distinct titles lave been in like manner aassigned to any of tho more 
than three millions of varied represonatations of Siva. 

The ton attributes of Siva are —ist, pasa, a rope or chain for binding 
an elephant; 2nd, ankusa. a hook for guiding an elephant ; 3rd, ahi, a 
serpent ; 4th, damaru, a tabor ; Sth, kapála, a human skull ; 6th, trisúla, a 
trident ; 7th, 4hatwinga, a bedstead, or a club in the form of the foot of 
one ; [it may also mean a club having a skull at the top.—ED.] 8th, sakti, 
a dagger ; 9th, sara an arrow ; l0th, ८१८७०, a bow. 

*Special ; being applicablo when two or more of the digits are alike. 
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being divided by the permutations separately com- 
puted for as many places as are filled by like 
digits, will be the variations of number, from which 
the sum of the numbers will be found as before. 


[Let there be n digits ; and suppose p of them to be d, 

q of them to be d,, and the rest unlike, namely, d3, d4, &c. 
Then the variations of number will clearly be= F हि 0 
aE 

(See Todhunter’s Algebra, Art. 497,) The mumber of 
cases in which d, is in the units’ or hundreds’ &c, place 


ie 
| p=], | g 


(Todhunter’s Algebra, Art, 497) ; and hence 


the sum arising from d, alone is GOs 


| 
+40+4)6,. Similarly the sum arising from d, is 
| १४ +- i हे Ba 

ie (00 0) a नॉ0--)७,, and that arising from 


d, 6 |, &C., iS 


nT 
D SC 00000 +lI0+l)\d;+d,+&c.) 
Hence the sum of all the numbers is 
|n dig ds Og we, 
a=) T ही MAS) Pee | 
pig pg pW 
It 
= ae (pd, +9d.+d,+4,+&c.) O de goaa i LO) 
n 
= -E xsum of digitsx(l0"!i...+l0+tl), whence 
Mm We ॥९ 
the rule.] 


2rl. Example. How many are the numbers 
with two, two, one and one ? And tell me quickly, 
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mathematician, their sum: also with four, eight, 
five, five and five, if thou be conversant with the 
rule of permutation of numbers. 


Statement of the Ist example : 2, 2, |, l. Here 
the permutations found as before (६267) are 24. 
First, two places are filled by like digits (2, 2), and 
the permutations for that number of places are 2. 
Next two other places are filled by like digits Q, ]), 
and the permutations for these places are also 2. 
Total 4. The permutations 24 divided by 4 give 
6 for the variations of number; ९६८. 22], 2[2, 
22, 2]2, 224, 22. The sum? of the numbers 
is found as before 9999. 

Statement- of the 2nd example: 4, 8, 8, 8, ०. 
Here the permutations found as before are ।20), 
which, divided by the permutations for three 
place, viz., 6, give the variations 20: viz., 48555, 
84555, 54855, 58455, 55485, 55845, 55548, 55584, 
45855, 45585, 45558, 85455, 85545, 85554, 54585, 
58545, 55458, 55854, 54558, 58554. The sum? of 
the numbers comes out iI99988. 


272. Rule*: half a stanza. The series of the 


! The enumeration of the possible combinations is termed prastira. 

३ The variations 6, multiplied by the sum of the figures 6, and divided 
by the number of digits 4, give 9 ; which being repeated in four places of 
figures and summed, makes 9999. 

8 The variations 20, multiplied by the sum of the figures 27, give 540, 
which, divided by the number of digus 5, makes 408 : and this being 
repeated in five places of figuros and summed, yields 99988, 

+ To find the variations for a definite number of places with indeter 
minate digits.—Gan. 
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numbers decreasing by unity from the last* to the 
number of places, being multiplied together, will 
be the variations of number, with dissimilar digits. 
[ This rule gives the ordinary formula for the number 
of permutations of x things taken r at a time, viz., n (१-०) 


273. Example. How many are the variations 
of number with any digits except cipher exchanged 
in six places of figures? If thon know, declare 
them. 

The last number is nine. Decreasing by unity, 
for as many as are the places of figures, the state- 
ment of the series is 9.8. 7.6.5.4. The product 
of these is 60480. 


274. Rule? : two stanzas. If the sum of the 
digits be determinate, the arithmetical series of 
numbers from one less than the snm of the digits, 
decreasing by unity, and continued to one less 
than the places, being divided by one and so forth, 
and the quotients bemg multiplied together, the 
product will be equal to the variations of number. 
This rule must be understood to hold good, 
provided the sum of the digits be less than the 
number of places added to nine. 


A compendium only has been here delivered 
for fear of prolixity, since the ocean of calculation 
has no bounds. 


् That is, from nine [in the example which follows,J—Gan. 
2 To find the permutations with indeterminate digits for a definite sum 
and a specific number of places,—Gan. 
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[Let s =the sum of the digits, 
n=the number of digits, 
and let s=n+m. 


Then by supposition, n+m<n--9, or m<9, or m+] 
not 29, so that even if n- of the n digits be l’s, the 
remainder of the sum, ॥-- being not 29, can form the 
remaining digit. 

Now let the n l's composing n be denoted by ir, l%-!, 
le Ot l’,and them ३१३ composing m, by l,,l,, ls" 
००३), Then,if we fix +# in the first place on the left, 
and take the different permutations of the remairing 
n—l+m symbois Ii, Irr%,.....li and l;, lp, fọ ह 
of which the n— indexed l’s are considered to be alike 
and of one sort, and the other m ॥'३ are considered to 
be alike and of another sort, and place each of these 
permutations to the right of I’, and regard the sum of 
each indexed with the group of }’s with suffixes, if any, 
following it on its right as forming a digit of one of the 
required numbers, 

we shall have a series of numbers like the following: — 
wrana mir I, OOO a 

AGS lal, ह Mo a 

This series will evidently contain all the required 
numbers and those alone ; and the number of these num 
bers being the number required, the problem is reduced 
to finding the number of permutations of n+m—i things 
taken all together, of which -- are alike and of one 
sort, and m are alike and of another sort 
And this number = [ug boise ह =f 

JOS ची 
हि (॥--॥४- १) (१-५ १ -). “गन ११ +- - oes Ti) (eles i 


2 लाउँ | mo 


[55 ] 


jn— ॥ 
E= UG Se nt) 
हि Mr तिशी (मा ' 


which proves the rule.] 


[The following solution is given in Mahendra Nath 
Ray’s Algebra, Part IL, page 374 :— 


Consider the product of the n equal factors 
(a? br? ae 23 4h oon de ae +e (zt ae oe pe? Aes, + g? नः way) 

x(g tartar it o tal por) 

Suppose we are required to find the coefficient to z’ 
in the product We shall get one x’ in the product corres- 
ponding tocvery possible way of so selecting a term out of 
each of the n factors that their product may be z^, that 
is, that the sum of the indiccs of the n terms selected 
may bes. Hence corresponding to each way of obtaining 
an ° in the product, we shall get a number consisting of 
n digits, so that the sum of the digits may be s, since 
from the condition that s<n+9, no power of x higher 
than the 9th can be taken from any of the factors to form 
wz’. Hence the total number of numbers that can he so 
formed 
=the total number of ways of obtaining « in the product 
=the coefficient of & in the product 
=the coefficient of & in (+a? +27 +... +29+4...)" 
=the coefficient of x in g” (L4a+.u? +...) 
=the coeffieient of 2°" in (l—z)” 
ansDes2)(n+kson-) [223 
i þor RoC 

em ee i == L)} | 
z j. 2... (n= 4.) ; 


[ 200 | 


275. Example. How many various numbers 
are there, with digits standing in five places, the 
sum of which is thirteen? If thou know, declare 
them. 


Here the sum of the digits less one is 42. The 
decreasing series from this to one less than the 
number of digits, divided by unity, &c. being 
Swe, mes SMT ik, He छु? क ne 
product of their multiplication (23°) is equal to 
the variations of the number’, 495. 


276. Though neither multiplier nor divisor be 
asked, nor square, nor cube, still presumptuous 
inexpert scholars in arithmetic will assuredly fail 
in (problems on) this combination of numbers. 


277. Joy and happiness is indeed ever increa- 
sing in this world for those who have Lildvati 
clasped to their throats’, decorated as the mem- 
bers are with neat reduction of fractions, multi- 
plication and involution, pure and perfect as are 
the solutions, and tasteful as is the speech which 
is exemplified. 


? 92], 52222, 3333, each five ways ; 55]I, 22333, each ten ways; 
82I]l, 7344i, 64], 43222, 6222, each twenty ways ; 722li, 5334], 
4422], 443Ll, each thirty ways ; 632]], 542]l, 5322], 4832], each sixty 
ways. Thus the total is 495. 


2 By constant repetition of the text. This stanza, ambiguously 
expressed and bearing a double import, implies a simile : as a charming 
woman closely embraced, whose person is embellished by an assemblage 
of ologant qualities, who is pure and perfect in her conduct, and who 
utters agroeable discourse. See Gan. 


। 0 | 


fIn Pandit Jivananda Vidyasagara’s edition of the 
original, there is a stanza after the above, showing the 
varied scholarship of Bhaskara, and stating that the 
present work was‘’composed by him, It was probably 
added by some pupil of Bhaskara, and so it has been 
omitted by Colebrooke. It runs as follows :—“The 
author of this (Lildvati) is that illustrious Bhiskara, (a 
scholar) of vast erudition, who thoroughly mastered 
eight works on grammar, (vi2., those of Indra, Chandra, 
K4sakritsni. Apisali, Sakatayana, Panini, Amara, and 
Jainendra),! six works on medical science, (viz., Agnivesa- 
sanhité, Bheda-sanlita, Játúkarna-sanhitá, Pardsava-sanhitd, 
Sirapdni-sanhitd and Hérita-sanhitd),? the six philosophical 
systems (viz., Sdnkhya, Yoga, Nydya, Vaiseshiha, Mimánsá 
and Veddnta), five works on ganita (calculation), (vis, 
Paullen-siddhnanta, Romaka-siddhanta,  Bédsishtha-siddhdnta, 
Súrya-siddhánta and Paitémaha-siddhdnta),? and the four 
Vedas (viz, the Rik, the Yajush, the Sdman and the 
Atharyan); and who understood the three Ratnas, 
lie , the three Prasthánas of the Veddnta, viz., the Sútras, 
the Upanishads and the Prakaranas), as well as the two 
Mimánsás, and the one eternal Brahman, the aim and 


scope of 70070.” | 


[ Seo Bibliotheca Indica, Nirukta, Vol. IV, Appendix, page jau. Some 
of these authors composed dictionaries and not works on grammar, 
Thus the word vyákaranáni in the original has been rather loosely 
used.—Ep., ] 

[ ? These six ancient works form the basis of the later works of 
Charaka, Susruta and Bdgbhata. The works of Charaka and Susruta 
are usually called sankitas ; that of Bégbhata is known under the name 
of Ashtangd-hridaya.—Ep. | 

[ ° Soe Vardha-mihira’s Viiiat-sanhita, Ch. II —Epn. | 

[ ५ Namely, the Parva-m mánsá of Jaimini, usually called the 
Mimdnsd, and the Uttara-mimánsá of Vyasa, usually called the Vedanta, 


—Ep.] 


APPENDIX. 


लोलावती । 


20: 


[ प्रथमोऽध्यायः । | 


Wi भक्कतजनस्थ यो जनयते fay विनिघुन्‌ स्मृतस्त' वृन्दार- 
कबृन्दवन्द्तिपदं नत्वा मतङ्गाननम्‌। पार्टों सहृणितस्थ वचूमि 
चतुरप्रौतिप्रदाँ प्रस्मुटां सहिपताक्षरकोमलामलपदेर्लालित्यलोला- 
वतीम्‌ ॥ १ ॥ 


वराटकानां दशकदयं [२०] यत्‌ सा काकिणो ara cea: | 
ते षोड़शद्रम्मर इहावगम्यो द्रस्मेस्तथा घोडशभिख निष्कः ॥ २॥ 


तुल्या यवाभ्यां कथितात्र ger mafa weg 
तेऽष्टी। शद्यानकस्तद्ह्यमिन्द्रतुण्ये [ १४ ] वंज्लेस्थेको घटक: 
प्रदिष्ट: ॥ ३ ॥ 

guriga प्रवदन्ति माषं माषाद्दये: NENA कपम्‌ ।. कर्षेख- 
तुभिश्च पलं तुलाज्ञाः कषे सुवणंस्य सुवर्णसंज्ञम्‌ ॥ ४ ॥ 

यवीद्रेरङ्ग लमष्टसहप्रहंस्तो ;ङ्ग लै षड्गुणितेसतुर्ि:। wee 
तुभिभेवतीइ दण्डः क्रोशः सहस्रदितयेन तेषाम्‌ ॥ ५ ॥ 


स्याद्योजनं क्रोशचतुष्टयेन तथा कराणां दशकेन बंश!। भिवत्तनं 
विंशतिवंशसङ्घे: क्षेत्रं चतुभि य भुजेनिवइम्‌ ॥ ६ ॥ 


२ लोलावतो । 


इस्तोन्ितेविस्तुति देष्यपिण्डेयद्दा दशास्रं घनहस्तसंज्ञम्‌ । धान्या 


दिके यद्घनहस्तमानं शास्वोदिता मागधखारिका सा O N 


द्रोणस्तु wan खलु षोडशांशः स्यादाठूको द्रोणचतुथ भाग: | 
प्रस्थद्वतुर्था श SHISHA प्रस्थाङप्रिराद्येः Hea: प्रदिष्टः ॥ ८॥ 


[ पादोनगद्यानकतुस्थरङ्केषिसप्ततुल्येः कथितो$ल सेरः। सणा- 


भिधानं खयुगे(४०) अच सेरेधान्यादितीस्येषु तुरुष्कसंज्ञा ॥ १ ॥] 


Tat कालादिपरिभाषा लोकत: प्रसिद्वा ज्ञेया । 


इति परिभाषा । 


[ {द्वितीयोऽध्यायः 


] 


[ प्रथम: परिच्छदः । ] 


लोलागलललबोलकालवब्यालविलासिने। गणेशाय नमो नोल- 
RU MAREA | ८ ॥ 


= 0 !' 
एकदशशतसचहस्रायुतलक्षप्रयुतकोटयः क्रमश: | AZA wa: 

R = 6 6 पराइसिति 3 
निर्व मशापडणशडइवस्तस्मातू। जलधिसान्त्यं मध्य पराडमिति दश- 
गुणोत्तरा; FA) सङ्ग्राया!ः स्थानानां व्यवहाराथ RA: 


पूर्व: ॥ १०-११ ॥ 


लोलावतो । 2 


[ दितीयः परिच्छेदः । ) 


अध सङ्कलितव्यवकलितयो; करणसूत्त' हत्ताद्॑म्‌। कार्यः 
क्रमा दुल्लामतोऽथवाङ्कयोगो यथा स्थानकमन्तरं वा ॥ १२॥ 


श्रत्रोहेशकः । श्रये बाले लोलावति मतिमति gfe सहितान्‌ 
हिपञ्चद्दात्रिशचिनवतिशताऽष्टादश दश। शतोपेतानेतानयुतवियु- 
तांश्चापि वद मे यदि व्यक्त युक्षिव्यवकलनमागेंऽसि कुशला ॥ १३ ॥ 


न्यासः। २। ५। २२। १८३ । १८।१०।१००। 
संयोजनाञ्जातम्‌ । ३६० | 


अग्रुता { १०००० ) च्छोधिते जातम्‌ Lage l 


इति सङ्कलितब्यवर्कलिते | 


गुणने करणसूत्र MAREJA! गुण्यान््यमङ्ग FHA हन्या- 
ढुत्‌सारितिनेवमुपान्तिमादौन्‌ । गण्यस्तुघोऽधोगुणरण्डतुस्थस्तेः खरछ कै: 
aged युतो वा। wage: शुध्यति येन तेत लखप्रा च गुण्यो 
गुणितः फलं वा। fea भवैद्रपविभाग एव' स्थाने: एयग्वा गुणतः 

समेतः । इष्टोनयुक्तेन गुणन निधोऽभी्घृगुण्या-्तितवरजितो वा ॥ 
१४-१४ ॥ 


४ लोलावतो । 


अशोहेशकः। वाले बालकुरङ्गलोलनयने लोलावति प्रोच्यतां 
पच्चत्येकमितादिवाकरगुणा अङ्काः कतिस्युयदि। रुपस्थानविभाग- 
स्तण्हगुणने कल्थासि कल्याणिनि छिम्रास्तेन गुणेन ते च गणिता जाता: 
क्षति UAT ॥ १६॥ 


न्यास: | गुण्यः। १२५ | गुणकः । १२। 
गुण्यान्त्यभङ्कं गुणकेन हन्यादिति कते जातम्‌ । १६२०। 


अथवा गुणरूपविभागे खण्डे Hai ८। ४। आभ्यां प्रथग्गुण्य 
गुणिते युते च जातं तदेव। १६२०। 


अथवा गुणकस्व्रिभि्भक्तोलव्षं । ४। एभिस्तिभि(२) ख गुण्ये 
गुणिते जातं तदेव । १६२० ! 


अथवा स्थानविभागे खण्हे। १।२। आभ्यां एथग्गुण्ये गुणिते 
यथास्थानयुते च जातं तदेव । १६२०। 


अथवा gria गुणेन (१०) द्वाभ्याञ्च (२) ama गुणिते युते 
च जातं तदेव । १६२० । 


आधवाद्टयुतेन गुणेन (2°) गुण गुणितेऽष्ट-(८) गुणितगुणाहोने च 
जातं तदेब । १६२० | 


sta गुणनप्रकारः | 


लोलावतो । ५ 
भागहारे करणसूत्र TA) भाज्यादेर: शुध्यति यज्नुणः 
स्यादन्त्यात्‌ फलं तत्‌ खलु भागहारे । समेन केनाप्यप्रवत्ते हारभाज्यौ 


भजेद्दा सति ward तु॥ Von 


i पटाइरणे ° स्वगुणच्छे n 0३ 
अत्र पूवे गुणिताङ्कानां Hea APTS 
न्यासः भाज्य: । १६२० | 


भाजक; । १२ I 


भजनाक्षमी गुणा: । १३५। 
अथवा भाज्यहारो त्रिभिरपवत्तिती 222 चतुभिर्वा *:३* खर्व 


हारेण हते फलं तदेव । १३५ । 


दूति भागहारः। 


वर्ग करणसूत्तं दत्तदयम्‌। समद्दिधातः कृतिरुच्यतेऽथ स्थाप्यो- 


$न्त्यवर्गोदिगुणान्त्यनिघाः: | खखोपरिष्ठाच्च तथा परेऽद्ास्त्यङ्कान्त्यसु- 
त्‌साय्यै ya राशिम्‌॥ खण्डद्दयस्थाभिइतिद्िनिधी तत्‌ खण्डव- 


marge कृतिवा। इष्टोनयुग्राशिवधः क्तिः स्थादिष्ठस्य वर्गेण 
समन्वितो वा ॥ १८-१८.॥ 


अचोद्देशक: | सखे नवानाञ्च चतुदशानां ब्रूहि fava 
ZS ७, à @ 
शतत्रयस्य । पञ्चोत्तरस्याप्ययुतस्य वर्ग जानासि चेद्दग विधान- 


ATTA ॥ २०॥ 


é लोलावतो | 


ATA । 2 । १४ | २८७ | १०००४ | 


एषां Bamana जातावर्गा ८१। १८६॥ ८८२०८. | 
१ oo 2 ooo २ y । 


अथवा नवानां खण्ड । ४ । ५। श्रनयोराहति--। २०। 
इिनिश्नो । ४०। तत्‌खण्डवग कीन । ४१ । युता जाता सेव afer: | 
is 4 t 

अथवा चतुदंशानां Ww) ६ । ८। अनयोराहति-- sc | 
दिनिधो । 2६। तत्खण्डबर्गों। ३६। ६४। अनयोरेक्येन। १००। 
युता जाता सेव कृति: । १८६ । 


अशवा खण्ड । ४। १० | तथापि सेव aia i १८६ | 


अधवा राशि: | २८७। अय चिभिरुनितः एधग्य॒तञ्च । RES | 
zoo | अनयोर्घातः। ८८२०० | त्रिवग- । 2 । युतो जातोवग: स 
एवं | ८८२०८ | 

एवं सर्वत्रापि | 


इति वर्गः । 


वर्ग सूले करणसू वत्तम्‌ । त्यक्कान्त्यादिषमात्‌ कति दिगुणयेम्मूलं 
समे age am लब्धकुतिं लदाद्यविषमाल्लव्धं दिनिघु' waa 


लोलावतो । © 


ewi पङ्क्षिद्तै समेःन्यविषमावाक्णासवग फलं ceri तद्दिगुणं 
न्यसेदिति ay: पडःक्षेदेलं स्यात्मदम्‌ ॥ २१ ॥ 


अत्रोहेशक: । मूलं चतुर्णाच तथा लवानां पूवं May सख 
कुतीनाम्‌। यक एथग्वम पदानि विदि gefaafeafe aca 
जाता ॥ RV 


न्यास. | ४।८।द 2 ॥ १८६ | ८८२०८ | १००१०००२५ | 
लब्धानि क्रमेण सूलानि। २। २।८ । १४ । २८७ | १०००३ | 


इति बगंमूलम्‌ | 


घने mga तत्ततयम्‌ । समत्रघातल घनः प्रदिष्टः स्थाप्यो- 
घनोऽन्त्यस्य ततोईन्त्यवग : । श्रादित्रिनिधस्तत आदिवग स्यन्त्याहतो- 
$थादिघनश्व सर्वे ॥ स्थानान्तरत्वेन युता घनः स्यात्‌ प्रकल्पा तत्‌- 
खण्डयुग' ततो$न्त्यम्‌ | एवं Bean घनप्रसिद्दा वाद्याइतो वा विधिरेष 
कार्य्ये: ॥ qeni वाहतोराशिस्तिधु: खण्डघनेकायुक्‌। वर्गमूल- 
घनखघो वग राशेघ नो भवेत्‌ ॥ २३-२५ ॥ 


अत्रोदेशक: | नवघनं fauna चनं तथा कथय पक्चघनस्य 
qaq मे। घनपदच्च ततोऽपि घनात्‌ सखे यदि घनेऽस्ति घना भवतो 
मति; ॥ २७ ॥ 


č लोलावतो | 


न्यासः । 2 । २७। १२५। 
जाता; क्रमेण घना: | ७२८ | VERSA | १८५३१२१५ | 


Ss ७ farsa 
अथवा राशि: | ८ । अस्य खण्ड । ४। ५। आभ्यां राशिहेत: । 
१८० | Afaa ५४० । खणश्डघणेक्येन। १८८। युतो जातो 


घनः। ७२८. । 


अथवा राशिः । २७। अस्य खण्डे | २० । ७। आभ्यां हतस्त्रिचथ | 
११२४० | खंण्डघनेक्येन | ८३४३ | युतो जातो TA! | १८.६८३ | 


अथवा राशिः। ४। अस्य मूलम्‌ । २। घनः। ८। अय' खघो- 
maagi घनः । ६४ । 


अथवा राशिः। ८। अस्य सूलं । ३। घनः । २७। अस्य वर्गोनवानां 
घनः | ७२८ । य एव वर्ग राशिघन: स एब वगेमूलघनवर्गः | 


इति चनः । 


अथ घनमूले करणसूत्रं हत्तदयम्‌ | आद्यं घनस्थानमथाघने दे 
पुनस्तथान्त्याइनतोविशोध्यम्‌ | घनं wae पदमस्य कृत्या fran 
तदाद्य' विभजेत्‌ फलन्तु ॥ १८ ॥ GER न्यसेत्तत्‌कृतिमन्त्यनिषीं 
mg त्यजेत्तग्रथमात्‌ फलस्य। घनं तदाद्याइनमूलमेवं efa- 
भवेदेव मतः YAA ॥ २७-२८॥ 


लोलावतो । € 
अच पूर्वोहिशके उक्तघनानां स्रूलाथ न्यासः । ७२८ । -१८६८३। 
१८५२१२५ | 


क्रमेण लानि मूलानि । 2 । २७। १२५। 
इति घनमूलम्‌ । 


इति परिकर्म्माष्टकं समाप्तम्‌ 
[ तीयः afte: । ] 


अथ भिन्रपरिकर्माष्टकम्‌। तत्रादावंशसवर्णनम्‌। तत्रापि 
भागजातो AWE ada) अन्योऽन्यहाराभिहती हरांशौ राश्योः 


समच्छेदविधानमेवम्‌ । मिथो हराभ्यामपवत्तिताभ्यां यद्दा हरांशो 
सुधियात्र गुण्यौ ॥ २८ ॥ 


अलोदेशक: | रूपत्रयं पञ्चलवस्तरिभागो योगार्थमेतान्बद qe 
हारान्‌। चिषष्टिभागञ्च चतुर्दशांशः समच्छिदी मित्र वियोजनाथम्‌ ॥ 
३०॥ 


न्यासः +५+ ३ 
जाता समच्छेदाः H+ छै + छ 
योगे जातम्‌ +i 


ay हितोयोदाहरणार्थ' न्यासः 5 - 2: 
२ 


१० नोलावतो | 


एती सप्तापवत्ति ताभ्यां हाराभ्यां। २। ९ | 


क. 


मिथसंगुणिती समच्छेटौ (६८ ¬ se 
वियोजिते जातम्‌ न 


Ai 


सप्तापवत्तिते च जातम्‌ ₹ 


इति भागजाति; । 


अध प्रभागजातो करणसूत्रं EMEA । लवालवघाय हराहरघा 


भागप्रभागेषु सवणंनं स्यात्‌ ॥ २१ ॥ 


अब्रोड शक: | टद्रग्माईत्रिलवद्दयस्य सुमते पादत्रय' यड्चवेत्ततञ्चां- 
शकषोड़शांशचरण: सम्पाथितेनार्थिने । दत्तो येन वराटकाः कति 


कदर्य्येणापितास्तेन मे ब्रूहि त्व. यदि वेत्‌सि गणिते जातिं प्रभागाभि- 


धाम्‌ ॥२२॥ 


AS re 


“| 


षड्भिरपवत्तित जातम्‌ 


9 


~ 


एको दत्तो वराटकः | 


इति प्रभागजातिः । 


लोलावतो | ११ 


अथ मागानुवन्धभागापवाडयोः करणसूत्रं साहद्वत्तम्‌। Ber 
रूपेषु लवाधनणमेकस्य भागा अधिकोनका्थे त्‌ । खांग्राधिकोनः 
खलु यत्र तत्र भागानुवन्धे च लवापवाहे । तलस्थहारेण ecfare- 
न्यात्‌ खांशाधिकोनेन तु तेन भागान्‌ ॥ ३३ ॥ 

अत्रोदेशकः। afer aa’ safe कोहग ate सवणितम्‌। 
जानास्यंशानुबन्चच्चेत्तथा भागापवाहनम्‌ ॥ ३४ ॥ 


न्यासः २ २ 
2 2 


EJ 8 
सवणिते जातम्‌ $ ४ 
अत्नोहेशक:। अहि: adage: स निजदलयुतः कोहशः 
कोडशो दो चाशी खाटांशहोनी तदनु च रहितो स्त्रिभिः सप्तभाग: | 
अदैस्वाष्टाशहोन नवभिरथ युतं सप्तमांशेः स्वकीयेः कोहक्‌ स्याट्व्रुद्ि 
aqfa त्वमिह यदि सखेंऽशानुबन्धापवाहो ॥ ३४॥ 
न्यासः ‡ इ ३ 


+ ? + 


uj 
Ml 
D 


१ 3° 
३ 5 


क्रमेण सवर्णिते जातम्‌ ३ ‡ ‡ 


alr 


इति जातिचतुष्टयम्‌ । 


अध भित्रसइलितव्यवकलितयो; करणसूत्र' sae । योगोऽ 
न्तरं तुल्थहरांशकानां कल्पोहरो रूपमहारराशेः ॥ ३६ ॥ 


१२ | लोलावतो । 


अतोह शक: | पच्चांशपादत्रिलवाश षष्टानेकोकतान्‌ ate सखे 
ममेतान्‌। एभिय भागेरथ वरजितानां किं स्याचयाणां कथयाश 
शेषम्‌ ॥ ३७ ॥ 


अधेतेविवजितानां त्रयानां शेषम्‌ ३३ 


इति भिन्नसनइलितध्यवकलिते। 


अथ भिन्नगुणने करणसूत्रं वत्तादेम्‌ । अंशाहतिस्छेदबघेन भक्ता 
wal विभिन्ने गुणने फलं स्यात्‌ ॥ ३८ ॥ 

अत्रोहेशकः। सत्यंशरूपद्दियेन निघु ससप्तमांशद्दितय' भवेत्‌ 
किम्‌। we त्रिभागेण इतञ्च विद्दि दक्षोऽसि faa गुणनाविधो 
चेत्‌ ॥ ३८॥ 

न्यासः २ २ 

5 
wafua जातम्‌ Y 
गुणिते जातम्‌ १ 
न्यासः ३ ३ 
गुणिते जातम्‌ ६ 
इति भित्रगुशनम्‌। 


लोलावतो | १२ 


अथ भिन्रभागहारे करणसूत्र EATER | 

छेदं लवञ्च परिवत्ताहरस्थ शेषः कार्योऽथ भागहरणे गुणना- 
विधिश्च ॥ go n 

अतोहेशक: | सत्र शरूपष्ितयेन पञ्च त्राशेन षष्ठ वद मे 
fara, दभींयगर्भाग्रसुतोच्णवृद्दि्चेदस्ति ते भित्र्धती समर्था ॥४१॥ 


न्यास, २ 


Al 


2 SEE 
3 2 ह 
यथोक्ककरणेन जातम्‌ `¦ १ 


दृति भित्रभागहारः। 


अथ भित्रवर्गादी करणसूत्र' वत्तादंम्‌। वर्ग कतो घनविधी तु 


घनी विधेयौ हारांशयोरथ पदे च पदप्रसिदे ॥ ४२ ॥ 


अत्नोहेशक: । साइत्रयाणां कथयाशु वगें वर्गात्ततो वर्गपद्ञ्च 


fai घनञ्च सूलञ्च घनात्ततोऽपि जानासि liai 
विभिन्नौ ॥ ४३ ॥ 


न्यास ३ 


ER 
२ 


१४ लोलावतो | 


छेदघुरूपे क्त जातम्‌ ई 


इति भिन्नपरिकम्प्रौटकम्‌ | 


[ चतुर्थः परिच्छ द: । | 
अथ शून्यपरिकममसु करणसूतरमार्य्याद्यम्‌। योगे खं क्ष पसमं 
वर्गादौ खं खभाजितो राशि:। wet स्यात्‌ aye खं खगुणयिन्त्यस 
शेषविधो ॥ शून्ये गुणक जाते खं हारथ पुनस्तटा राशि: afana 
एव ज्ञे यस्तथेव खेनोनितञ्च युतः॥ ४४--४५॥ 
अत्रोहेशकः। खं पञ्चयुग्भवति किं वद खस्य वगें सूलं घनं 
घनपदं खगुणञ्च पञ्च। खेनोडृता दश च कः खगुणो निजाडेयुक्त- 


स्विभिञ्च गुणितः खहतस्तिषद्टिः ॥ ४६ u 

न्यासः। ० | एतत्पञ्चयुतं जातम्‌। ५ । खस्य वर्गः। ०। 
AAA । ० । घनम_। ० । तन्मूलम e | 

न्यासः। ५। एते खेन गुणिता जाताः । ० । 


न्यास! | १० | एते GMa ४ 


लोलावती । १४ 
TMA राशिस्तस्य गुण: । ० । TS चेपः ३ गुण: । २। हरः। ० | 
दुशंय । ६३। ततो वच्यमाणेन विलोमविधिना इष्टकर्मणा वा लब्धो 


राशि: । १४ । अस्य गणितस्य ग्रहगणिते महानुपयोगः | 


इति शून्यपरिकर्माटकम्‌ | 


हि 


[ ढतीयोऽध्यायः । | 


[ प्रथमः परिच्छेद: । ] 

अथ व्यस्तविधी करणसत्रं दत्तदयम_। छिदं गुणं गुणं छेदं ai 
मूलं पदं छातम.। ऋणं स्व' aad gale दृशय राशिप्रसिदये ॥ 
अथ स्तांश्राधिकोने तु लवाव्योनोद्दरोहरः। अ'शस्तृविक्ततस्तत् : 
विलोमे शेषसुक्कवत्‌ ॥ ४७--४८ ॥ 

अत्रोदेशक: | यस्त्रिघस्तिभिरन्वितः खचरणेभक्नस्ततः सप्तभिः 
aia विवर्जितः खगुणितो होनो दिपद्याशता । तन्मलेऽष्टयुते 
हृतेऽपि दशभिर्जातं इयं afe तं राशिं वेतृसि fe चच्चलाक्षि विमलां 
बाले विलोमक्रियाम ॥ ४८ ॥ 


न्यास: । गुणः। ३। चेपः ई भाजकः। ७। wi: 


१३ लोलावती । 
वर्गः।-। WAAR HRA M चेपः। ८। हरः । १०। 
दृशाम्‌ । २ | 
यथोक्तकरणेन जातो राशि: ॥ २८ ॥ 
इति व्यस्तविधि: | 


[ द्वितीय: परिच्छे द; । ] 

अथेष्टकमंस करणसखूत्र॑ घत्तम । उद्दशकालापवदिष्टराशिः 
gA हतो5शोरहितो युतो वा। इष्टाइतं दृष्टमनेन भक्त राशि 
भवेत्‌ प्रोकमितोटकर्म ॥ ४० ॥ 

अत्नोद्देशक: ga: खत्रिभागोनो emma समन्वित: । 
राथिवंगरशाइंपादेः स्यात्‌ को राशिदूगनसप्ततिः ॥ ५२ ॥ 

न्यास: । गुण; । ५। स्वत्रिभाग: १ JUI gol UIN: 
३ + ई णाम । ६८ । 

अत्र किल कल्पितराशिः। २। पञ्चघ्‌ः। १५। स्वतिभागोनः। 
दशभल्ञः। १ । कल्पित-। २। राशेख्य शाइंपादेः ३ ३ ‡ समन्वितो 
हरो जातः अथ दृष्टस । ६८ । इष्टेन। २ । गुणितम्‌ । १०४ । 
हरेण भक्तं जातो राशिः। ४८। 


एनं सवचीदाहरणे राशिः केनचिद्गुणितो भक्को वा राशंप्रशेन रहितो 


लोलावतो । १७ 


युतो वा दृष्टस्तत्रे ४ राशिं प्रकल्प्य तस्मिन्ुुद्देशशालापवत्‌कर्म्मणि कृत 
यक्रिव्यद्यते तेन भजेट्दृ्टमिष्टगुणं फलं राशिः स्यात्‌ | 


[ अब दृष्टजात्युदाहरणम । gam सत्रिभागं वनविचरद्वतं 
Fag इष्टं षडूभागर्सव नद्यां पिवति च सलिलं सप्तसांशेन 
faa. पञ्चिन्या meai खनवमसहितः क्रीड़ते सानुरागो 
नागेन्द्रो हस्तिनोभिस्तिरूमिरनुगतः का भवेद्यथसङ्झ्रा ॥ १ ॥ 

न्यासः २ ‡ ८ दृशम्‌ 8 | 

एषां aada द्वाभ्यामपवत्तितं ३ ++ ई; 

पुनरेषां सवणिंतानामेक्यं नवभिरपरवत्तितं ३१! 
इष्टोनं इरः 

अनेन ट्रष्ट । ४ । इष्ट गुणिते भक्त जाता हस्तिसह्या । १००८ । ] 

अपरोदाहस्णम्‌ । अरमलकमलराशस्त्य शपञ्चांशषछेस्विनयन- 
इरिसूरय्यां येन तुर्य्येण चार्य्या गुरुपदमथ षड भिः पूजितं शेपपञ्चेः 
सकलकमलसड्यां ज्षिप्रमाखप्राहि तस्य ॥ ५२ ॥ 

न्यासः ३ ५ ‡ दृश्यम्‌ । | 

wae राशिं। १। प्रकल्पग्ाप्राग्बञ्ञातोराशिः | १२०। 


अन्यदुदाहरणम्‌। हारस्तारस्तरुश्या निधुवनकलहे मोक्तिकानां 
विशोणोँ भूमी यातस्वरिभागः शयनतलगतः पञ्चमांशोऽस्य ze: 
प्राप्तः षष्ठः सुकेण्या गणक दशमकः संग्टहोतः प्रियेण दृष्टं षट्कञ्च 
aa कथय कतिपयैमौक्तिरेष हारः ॥ २ ॥ 
डे 


१८ लोलावती | 

म्घास ३४ ३ ₹न SAA ६। 

अच छं राशि । १ । प्रकल्पप्रप्राग्व्जातोराशि: । ३० | 

अथ शेषजात्युदाइरणम्‌। खाद्य maga नवलवयुगलं 
mamma काश्यांशेषार्ङ्रं शल्कहेतो; पथि दशमलवान्‌ षद्‌ च 


येषाङ्यायाम्‌। fae निष्कतिषष्टिनिजग्टहमनया AATA: 
प्रयातस्तस्य द्रव्यप्रमाणं वद यदि भवता शेषजातिः सुतास्ति ॥ ५३ ॥ 


न्यासः + 
कु ढ्ृश्यम्‌। aR | 


re 


je a ~ 


अत रुपम्‌। १। राशिं प्रकल्पा भागान्‌ Ram शेषादपास्य 
अथवा भागापवाहविधिना सवर्णिते जातम्‌ ह 


अनेन EI ६३। इष्टगुणिते भक्त जातं (द्रव्य 
प्रमाणम्‌ । ५४० | 

इदं विलोभसूत्रेणापि सिध्यति | 

अथ विस्नेषजात्युदाहरणम्‌ । पच्यांशोऽलिकुलास्कदम्बमगमत्‌ 


वशः शिलोन्धृ तयोविश्लेषस्त्रिगुणो रगा कुटजं दोलायमानोऽपरः। 
कान्ते केतकमालतोपरिमलप्रासेककालप्रियादूताहृत इतस्ततो wala 
खे भ॒ङ्गोऽलिसङ्कग़रां वद ॥ ५४ ॥ 


लोलावतो । १८ 
न्यासः { ३ ई SMTA: १। 
जातमलिकुलमानम | १५। एवमन्यव्रापि | 


इतोटकर्म | 


[ acta: परिच्छे द: । ] 


agai करणसूच FMA! योगोऽम्तरेणोनयुतोऽ्वितस्तौ 
राशो स्मृती. AF मणाखप्रमेतत्‌ ॥ ५५॥ 


अत्रोहेशकः। ययोयॉग: शतं सेकं वियोगः पश्चविंशतिः। तो 
राशो वद मे वत्से वेतूसि सङ क्रमणं यदि ॥ ५६ n 

न्यासः। योगः। १०१। अन्तरम्‌ । २५। जाती राशो। 
२८ । ६३ | 


वर्गसङ क्रमणे करणसू त्ताइम्‌। वर्गान्तरं राशिवियोगभन्ञा 
योगस्ततः Osada राशिः ॥ won 


Sina) राशयोयेयोवियोगेऽष्टी तत्कत्योथ चतुःशतो । विवरं 
बद्‌ तो राशो शोघ्रं गणितकोविद्‌ ॥ ५८ n 


न्यास, | TMAH ॥८। RANA ॥ ४०० | 
जाती राशो। २१ । २८ । 


डूति विषमकम। 


२० लोलावतो । 
[ चतुर्थः परिच्छे दः | 
अथ किश्चिइगंकम प्रोच्यते। इष्टक्कतिरष्टगुणिताब्येकादलिताः 
विभाजितेष्टेन। एकः खादस्य कतिदेलिता संका परो राशिः॥ रूपं. 
दिगुणेष्ट तं सेष्टं प्रथमोऽयवा परो रूपम्‌ । कतियुतिवियुतोव्येके वर्गों 
स्यातां ययो राशयोः॥ ४८--६० ॥ 


उद्देशकः। राशग्रोयेयोः छतिवियोगयुतोनिरिके मूलप्रदे प्रवद 
तो मम मित्र यत्रा क्लिश्नन्ति वोजगणिते पटवोऽपि FZT 
षोढ़ोक्ागूढ़गणितं परिभाषयन्तः ॥ 

अच प्रथमानयने ,कल्पितमिष्टम्‌ ‡ 

अस्य क्तिः ‡ 

श्रष्टगुणा जाता । २ । इयं व्येका । १ | 

दलिता ‡ 

sea १ छतो जातः प्रथमो राशिः। १। अस्य क्ति:। १। 

दलिता ‡ 

मेका ३ अयमपरो राशिः । 

Banat राशो ? ३ 


एवमेकेनेष्टेन जाती राशो: १ “ 


अथ दितोयप्रकारेणेष्टम्‌ । १ । अनेन दिगुणेन। २। सरूपम्‌ । १। 


? 


um £ 


लोलावतो | २१ 
इष्टेन सच्चितं जातः प्रथमो राशिः ई 
RAN रूपम्‌ । १ | 
एवं राशो ३ ‡ 
एवं दिकेन 5 £ 
चिकेन ७ ६ 
arma’ १ 
अथवा सूत्रम्‌ । इष्टस्य वर्गवगो way तावष्टसंगुण्यो । प्रथमः 
से कोराशो स्यातां व्यक्तोऽथवाव्यक्ल ॥ ६१ ॥ 
इष्टं १ अस्य वर्गवर्ग: ६ 
अष्टघः र 
सेको जातः प्रथमो राशिः ३ 
yate ३ अस्य चनः २ 
अष्टगुणो जातो दितोयो राशि: ‡ 
एवं जातो राशो ३ ‡ 
MARCA । ८ । ८ | 
दिकेन । १२८ । ६४। 
FART । ६४८ । २२६। 


एवं सर्वे्वपि इष्ट वशादानन्त्थम्‌ । पाटोसू्रोपमं वोजं गूद़मित्यवभा- 
सते। नास्ति गूढममूढानां नेव षोढ़ेत्यनेकधा ॥ अस्ति त्रैराशिकं 


२२ लोलावतो । 
पाटोवोजश्च विमला मतिः। किमज्ञातं सुबद्दौनामती 
» मन्दार्थसुच्यते ॥ 


इति वर्गकम | 


[ पञ्चम; परिच्छेद: । ] 


अथ गुणकम । तत्र दृष्मूलजातो करणसूत्रं इत्तद्दयम्‌। 
गुणघमूलोनयुतस्य राशेट्टष्टस्य युक्तस्य UERN | मूलं गुणार्देन युतं 
बिहोनं वर्गीक्कत प्रधुरभोष्टराशि: | यदा लवेथोनयुतथ राशिरिकेन 
भागोनयुतेन Wat) EW तथा मूलगुणख् ताभ्यां साभ्यस्ततः 
maaga राशिः ॥ ६२--६३॥ 


यो राशिः सूलेन केनचिन्नुणितेन ऊनो दृष्टस्तस्य गुणाधछत्या 
युक्तस्य दृष्टस्य यत्पदं तद्गुणार्डेन युक्त काय्यं यदि गुणघुमूलयुतो 
दृष्टस्तहिं sa काय्यं तस्य वर्गोराशिः स्यात्‌ । 


सूलोने दृष्टे तावदुदाहरणम्‌। बाले मरालकुलमूलदलानि 


सप्त तोरे विलासभरमन्यरगाण्यपशग्रम्‌। कुवच्च केलिकलष्ठं कलइंस- 
युग्मं शेषं जले वद मरालकुलप्रमाणम्‌ ॥ ६४ ॥ 


न्यासः। HATT ३ टशाम्‌ । २। 
दृष्टस्यास्य । २ । TUARAN $i 


qaer ३३ 


क्षोलावतो | २१३ 
मूलम्‌ $ 
गुणार्डन ३ 
युतम्‌ । ४ । 


वर्गीक्कत॑ जातं इंसकुलमामम्‌ । १६। 


अथ सूलथुते दृष्टे उदाहरणम्‌। स्वपदेनेवभियुक्षं स्याच्चल्वारि- 
शताधिकम्‌ । शतद्दादशक॑ विद्न्‌ कः स राशिनिंगद्यताम्‌ ॥ ६५ ॥ 


न्यास: HAJT । ८ । दृशम्‌ १२४० | 
गुणाइस्य ‡ 

क्कत्या ४ 

युतं जातम्‌ *5* 

अस्य सूलं ३ 

गुणान $ 

अत्र विहोनम्‌ । ३१ | 

aiaa जातो राशि: । ८६१ | 


भागसूलोने दृष्टे उदाहरणम्‌। जातं हंसकुलस्य सूलदशक 
मेघागमे मानसं प्रोड्डोय स्थलपड्मरिनोवनमगादष्टांशको$ग्भस्तटात्‌ । 


२४ लोलावतो । 
वाले वालख्रणालशालिनि जले केलिक्रियालालसं दृष्ट हंसयुगत्रयक्ष 
सकलां यूथस्य AH वद ॥ ६६ N 


न्यास: | सूलगुण,। १०। भागः è दृशयम्‌। ६। यदा 
लवेखोनयुत इत्युक्तत्वादचेकेन भागोनेन २ दृश्यमूलगुणो wa जातं 
दृश्यं ॐ 

मुलगुणः 5 

TUER ४ 

अरस्य छत्या GE 

य॒ज्ञं हयम्‌ E 

अस्य मूलं ऽ 

गुणाडंन ४ 

युतं aiaa जातो इंसराशि:। १४४ । 

उदाहरणम्‌। पार्थः कर्णबधाय भागणगणं HET रणे सम्दधे 
aaa निवाय्य॑ तच्छरगणं मूलेखतुभिहेयान्‌। शल्यं षड्लि- 
रथेषुभिस्त्रिभिरपि च्छत्रं ध्वजं कामुकं चिच्छेदास्य शिरः शरेण कति ते 
यान्‌ अजुन: सन्दे ॥ ६७॥ 

न्यासः। मूलगुणः। ४। भागः ३ दृश्यम्‌ । १०। 


यदा लवेथोनयुत इत्यादिना जातं बाणमानम्‌ ॥ १००॥ 


अपिच। अलिकुलदलमूलं मालतीं यातमष्टी निखिलनवम- 


लोलावतो | l २५ 


मागाखालिनो भङ्गमेकस्‌। निशि Raagi पद्ममध्ये निसं 
प्रतिरणति रणन्तं व्रूहि कान्तेऽलिसङ्कप्राम्‌ ॥ ६८॥ 

अत्र किल राशिनवांशाकं wuni राशेकऋ णं रूपद्दयं 
EURI एतदुणं दुशाद्वाडितं cae भवतौति | 

तथा न्यासः। ARTUR: ३ भागः E दृशप्रम्‌। १ । 

wami राशिदलम्‌। ३६। एतदृदिगुणितमलिकुल- 
मानम्‌। ७२। र 

भागमूलयुते इष्टे उदाहरणम्‌॥। यो राशिरादशभिः खमूलेः 
राशित्रिमागेण समन्वित । जातं waen तमाशु MAR 
qai पटुतास्ति ते चेत ॥ ६८ ॥ 

न्यास: FATTA: १८। भागः ३ दुशप्रमू। १२०० | 

अने केन भागयुतेन ई 

मलगुणं GUTS भक्का प्राग्वज्वातो राशि: । ५७६ । 


इति गुणकम 


[ षष्ठः परिच्छेदः । ] 
अथ चेराशिके करणसूत्र gaa प्रमाणमिच्छा च समान- 
जातो made. फलमन्यजाति। मध्ये तदिच्छाहतमाद्य- 
इस्थादिच्छाफलं व्यस्तविधिविलोमे ॥ ७० ४ 
उदाइरणम। FEAT सदलं Teed निष्क सप्तमलवेस्त्ि- 


२६ लोलावतो । 
भियंदि। maaf मे बणिग्बर afe निष्कनवकेन तत्कियत्‌ 


॥ ७१ ॥ 
न्यासः 3 E 
लब्धानि कुदुमपलानि। ५२। कर्षों। | 
अपिच । प्रकृष्कपरपलत्रिषट्टय़ा चेल्लभ्यते निष्कचतुष्कयुक्तम्‌ | 
शतं तदा द्ादशभि: सपादैः पले: किमाचच्च सखे विचिन्त्य ॥ ७२॥, 
न्यासः है पट ईई 
इच्छागुणितं फलम्‌ “४ 


छेदभक्तम्‌। १२७४ । AAI €2 । Ba लब्धा निष्का; | 
२०। शेषम्‌। १४। पषोड़शगुणितम। २२४। wea भक्त 
जाताद्रम्मा: । २। एवं पणाः। ८। काकिस्थ:। २। वराटकाः। 


RTA र 


पुनश्च । द्रम्मदयेन साष्टांश शालितण्डलखारिका लभ्या चेत्पण- 
सप्तत्या तत्‌ कि सपदि कथ्यताम्‌ ॥ ७३ ॥ 


Ya प्रमाणेच्छयो: सजातोयकरणाथे ZAA पणोछतस्य न्यासः 


लब्धे खाय्यों। २। द्रोणाः। ७। Weare: प्रस्यो। २। 


डति वेराशिक्षम्‌। 


लोलावतो । २७ 
अध व्यस्तं चेराशिकम्‌ | इच्छाठदी फले कासो कासे वचि 


जायते | wea त्रेराशिकं aa भरें गणितकोविदे; ॥ ७४ ॥ 


यत्र Het फले हासः हासे वा फले sfeqa व्यस्तं 
aaa स्यात्‌ । तद्यधा-- 
जोवानां वयसो WS AA वरणस्य हेमनि । भागहारे च aati 


व्यस्तं बेदाशिकं भवेत्‌ oy ॥ 


जोववयोसूल्ये उदाहरणम्‌। प्राप्रोति चेत्‌ षोड़शवत्सरा at 
afa शतं विंशतिवत्‌सरा किमू। दिघूवहो निष्कचतुष्कसुच्ा प्राप्रोति 
चू; षट्कवच्दस्तदा किम्‌ ॥ ७६ ॥ 


ITE १६ | ३२ । | लब्धम्‌ २५ 


2 
x 


दितोयन्धासः | २। ४ । ६ | लब्धम्‌ १ 
$ 
वर्णोयसुवर्णतीस्थे उदाहरणम्‌ । eat सुवणं anA- 


प्यते। निष्केण तिथिवणेन्तु तदा वद कियव्मितम्‌ ॥ ७७ ॥ 


न्यास. । १० । १। १५५। लब्धम्‌ ३ 


२८ सोलावतो । 
राशिभ्रत्महरणे उदाहरणम्‌ | सधाठ्केन मानेन राशो शस्यस्य 
मापिते। यदि मानशतं जातं तदा पक्षादकेन किम ॥ ७८ ॥ 


न्यासः! ७। १०० । ५। ल्म । १४०। 


इति are वेराशिकम्‌ । 


अथ यञ्चराशिकादौ करणसूत्र' हत्तम्‌ । पञ्चसप्तनतराथिकादि- 
केऽन्घोन्यपक्षनयनं फलच्छिदाम्‌। सविधाय वहुराशिजे बघे स्वल्प- 


राशिबधभाजित फलम ॥ ७८ ॥ 


उदाइरणम्‌। मासे शतस्य यदि पच्चकलान्तरं wey गते 
अवति किं वद षोड़शानाम्‌ । कालं तथा कथय मूलकलान्तराभ्यां 


सूलं धनं गणक कालफले विदित्वा ॥ ८० ॥ 


न्यास, १ १२ 
Ke 
y o 


अन्यो$न्यपक्तनयने कते १ १२ 
१०० १६ 
७ प्‌ 


लोलावतो | २८. 


agai राशोनां बघ: | 2६० | 

अल्पराशिबध; | १०० । अनेन भक्त ब्धम्‌ । ८ ! 
शेषम हन 
वि शत्यापवल ३ 


जात RAAT ८ 
३ 
ET 


छेदघुरूपेष्विति कृते जातम, ४ 


अथ कालञ्ञानाथे न्यासः १ ० 
९८० १६ 
१ © 
अन्योन्यपक्षनयने कुते १ ० 
Ree १६ 
gc ५ 
4 


agat राशोनां बध; | ४८०० | 
खल्पराशिबधः | ४०० | 


अनेन भक्ष लमा मासा: | 22 । 


लोलावती । 


T 
सूलधनाये न्यासः १ १२ 

w 

a kd 


yaawa सूलधनम्‌ । १६। एवं सर्वत्र । 


उदाइरणम्‌। सबंतशसासेन शतस्य चेत्‌ स्थात्‌ कलांन्तरं पच्चस- 


पच्चमांशाः । मासेखिभिः पद्चलवाधिकैस्ततूसाइद्ििष्: फलसुच्यतां 


far ॥ ८१॥ 
न्धासः १ 2 
3 i 
३? ६२ 
y $ 


१०० t% 

x ७ 
अन्योऽन्यपच्चनयने कत ४ १६ 
4 3 
१०० १२४ 


लोलावतो । ३१ 
अत बहुराशिबघे | १५६००० | 
अल्पराशिवधेनानेन । २०००० | 
भक्ते war कलान्तरम्‌ ७ 
q 
छेदघरूपेष्विति कृते जातम्‌ ३. 


लादिज्ञानाथे Q 
का पूववत्‌ । 


अथ सप्तराशिकम्‌। विस्तारे fram: कराष्ट कमिता देश्यं 
विचिवाच चेद्रपेतृकटपटृसूब्रपटिका set लभन्ते शतम्‌। देव्य 
सार्डकरत्रयापरपटो इस्ताईविस्तारिणो ताट्टक fa’ लभते द्रुतं वद 
बणिग्बाणिच्यक' वेत्सि चेत्‌ ॥ ८२॥ 


न्यास, २ ३ 
८ ३ 
ee ee 

र्‌ ०० o 


लब्धो निष्क: । ० । द्रम्माः। १४ । पणा:। ८ । काकिणो। १। 


वराटका: । ६ । वराटकत्रिभागो ३ 


अथ नवराशिकम्‌ । ` पिण्डे वेऽकंमिताङ्कलाः किल चतुव गङ्ग ला- 
विस्तुती पद्टादोघेतया चतुर्दगकरास्तिंधक्षभन्ते शतम्‌ । एता 
विस्तृतिपिण्डदेध्येमितयो येषां चतुव जिताः wera वद मे चतुर्दश 
सखे मूल्य लभन्ते कियत ॥ ८३॥ 


१२ लोलावतो । 


न्यास; १२ S 
१६ १२ 
१४ १९ 
३० १४ 
seis : 


लब्धं मूल्य निष्काः १६ 


2 
3 


अधेकादशराशिकम्‌ । पट्टा ये प्रधमोदितप्रमितयोगव्यूतिमात्रे 
मतास्तेषामानयनाय चेच्छकटिनां द्रम्माष्टक' भाटकः। wa ये 
तदनन्तरं निगदिता माने चतुव जितास्तेषां का भवतोति भाटक- 


मितिगंव्य,तिषट के वद ॥ ८४ ॥ 


न्यास, १२ a 
१६ १३ 
१४ १5 
३० १४ 

१ å 

g o 


लब्धा, भाटकद्रम्मा, । ८। 


अध भाण्डप्रतिभाण्डके करणसूतं amegi तथेव भाण्डप्रति- 


ares विधिवि waa सदा हि मूल्य ॥ ८५ ॥ 


लोलावती । RR 

उदाहरणम्‌। NU लभ्यत इच्दाम्रशतत्यं चेत्‌ farata 

विपणी वरदाड़िमानि। आस्तेवदाश दशभिः कति दाडिमानि 
लभ्यानि तदिनिसयेन भवन्ति faa ॥ ८६ n 


न्यासः १६ t 
३०० ३० 

१० ही 
लगानि दाडिमानि) १६। 


डूति लौलावत्यां प्रकौणेकानि । 


[ चतुर्थोऽध्यायः । | 
[ प्रथमः परिच्छदः । ] 
श्रथ मिय्रकव्यवह्।रे करणसूत्रं MTA । प्रमाणकालेन इतं 
प्रमाणं विमिखकालेन हतं फलञ्च॥ खयोगभक्त च एथक्रियिते ते 
Rama मूलकलान्तरे स्तः। यददेष्टकर्माखाविघेस्तु मूलं fared 
तञ्च कलान्तरं स्यात्‌ ॥ ८७-८८ ॥ 


उद्देशकः | पञ्चकेन NANE मूलं स्व सकलान्तरम्‌। wea 
चेत्‌णथक तत्र वद मूलकलान्तरे ॥ ८८ ॥ 


३४ लोलावतो | 


न्यास, र्‌ १२ 
2 eo १ ००७ 
धू e 


लब्धे क्रमेण मुलकलान्तरे। ६२५। २७५। 

अधवेष्टकर्मण कल्पिंतमिष्टं रूपम्‌। १। उद्देशकालापवदिष्टः 
राशिरित्यादिकरणेन रूपस्य वर्ष कलान्तरम्‌ ई 
waa तेन रूपेण ६ 
इृष्टे। १०० । रूपणुणे भक्त लव्यं मूलघनम्‌। ६२५। wafer: 


१००० । Bet कलान्तरम्‌ | ३७५। 


Raa? करणसूत्रं Fay! अथ प्रमाणेगुणिताः स्वकाला 
व्यतोतकालघुफलोडतास्ते । .खयोगभक्ताय विमिसनिघा: agar 
खण्डानि एथग्‌ भवन्ति॥ ८० ॥ 


उद्देशकः। यप्प्रक्षकत्रिकचतुष्कशतेन दत्तं खण्डे स्विमिगणक 
निष्कशतं षड्नम्‌। मासेषु सप्तदशपत्मसु quand खण्डत्रयेऽपि हि 
फलं वद खण्डसड्याम्‌ ॥ ८१ U 


न्यासः LISI? ।१०।१।५। 
१ ०० 2 ०० १ ०० 


मिय्रघनम्‌ । ८४ । 


लोलावती । ३५ 
लब्धानि यथाक्रमेण GEN | २४ १ २८। ४२। 
पश्चराशिवत्‌करणेन समकलाम्तरमू ८ 
प्र 
अध मिखान्तरे करणसूत' हृतान्‌ । प्रत्ेपकामिश्रहता विभक्ताः 
प्रचेपयोगेन एथक फलानि ॥ 
अत्रोहेशकः। पञ्चाशटेकसहिता गणकाष्टषषिः पञ्चोनिजा 
नवतिराद्धिनानि येषाम्‌ । प्राता विसिखितधनेस्विशतो त्रिमिस्ते- 
बाणिज्यतो वद विभज्य धनानि RNA ८३ ॥ 


न्यासः। प्रचेपका: । ५१ । ६७ । ८५। मिशुधनम्‌ gee | 


जातानि धनानि । ७५। १०० । १२४। 

एतान्यादिधनेरूनानि लाभा: । २४ । ३२। ४० | 

अथवा मिशुधनं। २००। आदिधनेक्येन । २०४। ऊनं wa 
लाभयोगः। 2६ । अस्मिन्‌ प्रचोपयुणिते प्रचेपयोग। १०४। भक्त 


लाभाः । २४। २२ set 


[ facta: परिः दः ! ] 
वाप्यादिपूरणे करणसूत्ं तताम्‌ । भजेच्छि दाँऽशेरथ तेंविमिशे- 
रूपं भजेख्यात्परिपूत्तिकालः ॥ 2.४ ॥ 
उदादरणम्‌। ये निर्करा दिनदिनाइंढतोयषछ्ठे: संपूरयन्ति fe 


३६ शोलादतो । 
पृथक्‌ एथरीव Yat: | वापो यदा युंपदेव सखे विसुक्षास्ते केन 
'वा्रलवेन तदा वदाशु ॥ ८५ ॥ 

न्यास ३ र ३३ 


walt वापोपूरणकालो दिनांश: & 


[ ढतौयः परिच्छे द; । ] 
अथ क्रयविक्रये करणसूच' हत्तम्‌ । we: स्वभूल्यानि भजेत्‌ 
ative aaa भजेञ्च तानि । भागांच feta धनेन इत्वा 
मूल्यानि पण्यानि यथाक्रमं स्युः ॥ ८६ i 


उद्देशकः। सादं तण्डुलमानकत्रयमहो द्रेण मानाष्टकं 
qaaa यदि व्रयोदशमिता एता बणिक्काकिणो। आदायापंय 
तण्डु लांयुगलं सुद्देकभागान्वितं क्षिप्र' चिप्रभुजो व्रजेम fe यतः 
सार्थोऽग्रतो यास्यति ॥ ८७9 ॥ 

न्यासः। पण्ये ई ? 

aye tt 

खभागो र $£ 

मिश्रधनम्‌ ६१ 


अत्र स््मूल्थ खभागगुणिते पण्याभ्यां भक्त जाते ई ट अनयो- 
यागेन ३६ एते ३ ८ भागो च ३ ३ मिञुधनेन Hara भक्त जाते 


तण्ड लमुहमुल्ये ‡ > 


लोलावलो | ३७ 


तथा AW लसुहसाने भागो रह रु 


wa TET पणो। २। काकिण्यो। २। वराटकाः। 
१२। भागच ३ 


qeqe काकिख्यो। २। वराटकाः। ६ । वराटक- 
विभागों ३ 


उदाहरणम्‌ । कपुरस्य वरस्य निष्कयुगलेनेकं पलं प्राप्यते 
वेशय्रानन्दनचन्दनस्य च पलं ट्रम्माष्टभागेन चेत । अष्टांशेन तथा$ 
गुरोः पलदलं निष्केण मे देहि तान्‌ भागेरेककषोड़शाष्टकमितेधपं 
चिकोर्षाम्बहम्‌ ॥ ८८ ॥ 


न्यासः। पण्यानिई ६ ‡ 
gana के ₹ ४ 
भागाः ३ ¥ ₹ 
Aqai ट्रम्मा; । १६। 


लब्धानि कप्रादोनां सूलप्रानि १४ ० ० 


E È È 


तथेव तेषां पण्यानि ० ७ ४ 


ज्य लोलावतों। 


[ चतुर्थः परिष्छ द: ] 
waft करणसूत्र' घत्तम्‌। वनरघदानोनितरब्षशेषेरिटे दते 
स्यः खलु AAEM: | शेपेद्ध ते Head ए्थकस्थेरमित्वसूलगान्यथवा 


भवन्ति ॥ ८८ ॥ 


अत्रोदेशकः। आणिक्याप्टकमिन्द्रनोलदशक॑ सुक्ताफलानां शतं 
सदव्वाणि च पञ्च रळबणिजां येषां चतुणा घनम्‌। ard वशेन 
ते निजधनात्े कमेक fam जाताम्तुलग्रधनाः एथग्बद सखे aca 


wants मे ॥ १०० ॥ 


न्यासः। मा।८।नो। १०।सु। १००।व। ५। दानम्‌ १। 


नरा: 8 । 


नरयुणितदानेन। ४। रब्षसझ्यासनितासु शेषाणि मा। ४। 
नो। ६। सु। ०६। व । १। एतेरिष्टराशी भक्त रब्रमुलगानि 
स्यरिति। तानि च यथा कथच्िदिष्टे कल्पिते भिन्नानि wasae 
तथा सुधिया कल्पाते यथाऽभिन्रानोति तथाद्रापोष्टं कल्पितम्‌ । ८६ | 
अतो जातानि सूलयानि। (२४ । १६। १। ८६ । समधनम्‌। 


२२३ | 


अथवा शेषाणां घाते। २२०४। VaR Rea जातान्ध- 


लोलावतो | Re. 


भि्रानि। woe । २८४ । २४ । २३०४। जनानां चतुणा तुला- 


HAHI ५५८२ । तेषामेते द्रम्मासम्भाव्यन्ते ॥ 


| पञ्चम; परिच्छेद: । ] 

अथ सुवणंगणिते करणसूत्र any) सुवर्णवर्णाइतियोगराशो 
स्वणक्यभक्त कनकेक्यवणः। वर्णो भवेच्छोधितहेमभक्त वर्णोद्धते 
शोधितहेमसड्य़ा ॥ १०१ ॥ 

उदाहरणानि। विशाकरुट्रदशवणंसुवणमाषाः दिग ट्लोचनयुग- 
uaa क्रमेण । आवत्तितेष्रु वद तेषु सुवणंवणस्तण॑ सवणेगणितज्ञ 
बणिग्‌ भवेत्‌ क; ॥ १०३ ॥ 

ते शोधने यदि च विंशतिरुक्षमाषा: स्यः षोड़श ट्रविणवर्णसिति- 
स्तदा का। तच्छोधितं भवति षोड़शवणहेम ते विंशतिः कति भवन्ति 


तदा तु माघाः ॥ १०२॥ 


, हरे 
न्यास: १० à i i 


जाता आवत्तिते सुवणंवणमितिः । १२। 

एत एव यदि शोधिताः सन्तः षोड़श माषाः भवन्ति तदा 
व; । ७५ । 

यदि तदेव शोधितं षोडशवण aw भवति तदा ween माषाः 


भवन्ति । 


४० लोलावतो | 


अथ वर्णज्ञानाय करणसूव' any) खर्णेकानि्ृद्युतिजातवर्णा- 
तृसुवर्णतद्वणबधेक्यक्षोनात्‌। अज्नातवर्णाम्निजसङ्कप्रयातमज्रातवणस्य 


भवेत्‌ प्रमाणम्‌ ॥ १०४ ॥ 


उदाहरणम्‌ । दशेशवर्णावमु ने्रमाषा अज्ञातवणंस्य षड़ेतदेको | 


जातं सखे दादशक' सुवर्णमज्ञातवर्णस्य वद प्रमाणम्‌ ॥ १०५॥ 


लब्धमञ्ञातवर्णमानम्‌। १५। 
सुवर्णज्ञानाय करणसूत्रं aq) aiaa युतिजातवणंः 
खणघवर्गक्यवियोजितञ्च । अऋहेमवर्णाग्निजयोगवणविझ्लेषभक्लो विदि- 
ताग्निजं स्यात्‌ ॥ १०६ N 
उदाहरणम्‌ । दशन्द्रवर्णागुणचन्द्रमाषाः किञ्चित्तथा षोड़श- 
७ + Cs Le Q 
कस्य तेषाम्‌ । जातं युतौ दादशक' सुवणं कतोह ते षोड़शवण- 


ATT ॥ १०७॥ 


aa माषमानम्‌ । १। 


सु वण न्नानायान्यत्करणसूत' हत्तम्‌। साध्य नोनो$नल्पवणॉ 
विधेयः साध्यो" वण: खल्पवर्णोनितश्च yT शेषके खण माने 
स्यातां स्वल्पानल्पयोवण AR ॥ १०८॥ 


लोलावतो | ४१ 
उदाहरणम्‌ । हाटकगुटिके शोड़शदशवर्ण तडुतो सखे जातम्‌। 
Q Ce g an 
हादशवणसुवण ब्रूहि तयो: स्वणमाने मे ॥ १०८ ॥ 


ac" १- 
साध्यो वण: । १२ । 


कब्पितमिष्टम्‌। १ । 


लब्धे सुवर्णमाने ` 


fea Lene omy 


पह KE 

अथवा झिकेनेट्ेन ` द 
S55 १६ ९१० 
अदनेष्टेन वा , 3 


एवं बहुघा । 


[ षष्ठ; परिच्छेद: । ] 


अथ झन्दसित्यादौ awe झोकत्रयम्‌। एकाद्येकोत्तरा 
अद्भाव्यस्ताभाज्या: क्रमस्थितेः। परः पूर्वेण सङ्क श्यस्तत्परस्तत्परेण 
च ॥ एकद्दिवप्रादिभेदा: afte साधारण' स्मृतम्‌। छन्दसितुग्रत्तरे 
छन्द्स्यपयोगोऽस्य तद्दिदाम्‌ ॥ मूघावहनभेदादौ खण्डमेरो च शिल्पके | 
बैद्यके रसभेदोये तत्रोक्ता विस्ततेभयात्‌ ॥ ११०--११२॥ 


४२ लोलावतो । 
aa छन्दर्वित्यत्तरे किञ्जिटुटाहरणम्‌ । प्रस्तारे मित्र aaa 


स्युः पादे aaa: कति। एकादि गुरवश्चाश कथ्यतां तत्पथक्‌ 


एथक्‌॥ ११३ ॥ 


इह हि षड़क्षरो गायत्रोचरण: अतः पड़न्तानां एकाद्य कोत्तरा- 
ड्रानां व्यस्तानां क्रसस्धानाञ्च 


aif ५000 FE 
र So ह 

यधोक्तकरणेन AA एकगुरुब्यक्तयः। ६। दिगुरवः। १५। 
ब्रिगुरव: । २० । AGT १५। पञ्चगुरवः। ६। षड्गुरत्रः। १। 


aaa सबलघु: । १ । एवमासामेक्यं पादव्यक्तिमितिः । ६४ । 


एवञ्चतु्रणाक्षरसह्प्रकानङ्कान्‌ यथोक्तां विन्धस्य एकादिगुरु- 


भेदानानोयतान्‌ सेकानेकोक्कत्य जाता गायत्रीहत्तब्यक्तिसह्कप्ाः। 


१६७७७२१६ | 


एवसुक्या द्य तूकतिपर्य्यन्तं छन्दसां व्यक्तिमितिज्नातब्या । 


उदाहरण शिल्प । एकद्दित्रादिमूषावहनमिति महो afe 
मे भूमिभत्तं म्यं रम्येऽष्टस्रूषे चतुरविरचिते अच्णशालाविशाले | 
एकद्विव्प्रादियुक्या मक्षरकट्कषाया्तरकक्तारतिक्तरेकस्मिन्‌ षड्सेः 


स्यगणक इति वद व्यञ्जने व्यक्तिभेदाः ॥. ११४ ॥ 


लोलावतीो | 
8 २ २ १ 
4 € 9 रू 
aan एकदित्प्राटिमूघावहनसङ्घगा: 


र oe २6 पक RF ९ 
२2. g छ HSE हे. कळ 


एवसष्टसूषे UMTS सूधावहनभेढा; । २४४ | 


अध दितोयोदाहरणे 


wan एकादिरससंयोगेन 


एथग IMT ६ २५ २० १५ ६ 
१ २ 8 a 


एतासामेक्यम्‌ । ६३ | 


इति मिग्रकब्यवद्टारः समाप्त: । 


BR 


88 लोलावतो | 


[ पञ्चमोऽध्यायः । ] 


° 


अथ शु टौव्यवहारः | 


[ प्रथम; परिच्छदः । ] 

तत्र सङ्कलितेक्ये करणसूत्रं FTA सेकपदघुपदाइमधेकाद्य- 
wala: किल सइलिताख्या । सा दियुतेन पदेन विनिघो स्याचिह्नता 
खलु सङ्कलितेक्यम्‌ ॥ ११५ tt 

उदाहरणम्‌ । एकादोनां नवान्तानां एथक्‌ सङ्लितानि मे। 
तेषां सक्कलितेक्यानि प्रचच्द तढुगणक म्‌ ॥ ११६॥ 
ब्यास; १ २ ३१ ४ ४ ६ ७८ २. 
arfaa १ ३ ६ १० १५ २१ र८ ३६ ४५ 
एषासेक्यानि. १ ४ १० २० ३४ ५६ TE १२० १६५ 

कृत्यादियोणे acted हत्तम्‌ । दिघृपदं कुयुतं fafa 

agfada इतं .छतियोग:। सहूलितस्य wa: सममेकाद्यङ्कघ॑नेक्य- 
सुदोरितमादे: ॥ ११७॥ , 

उदाहरणम्‌ । तैषामेव च वर्गेक्य॑ घनेक्यष्च वद द्रुतम्‌। कति- 
सक्कलनामागे नाकुला यदि ते मति: ॥ ११८॥ 


लोलावतो । 8५ 


न्यास १५ २ ३ 8 E see 
वर्गेक्यम्‌ १ ५ १४ ३० ४४ ८2१ १४० २०४ REY 
UAW १ ८ २६ १०० २२४ ४४१ ७८४ १२०८६ २०२५ 


यथोत्तरचये5न्त्यादिधनज्ञानाय करणसूत्र हृत्तम्‌। व्य कपढ्घु- 
चयो सुखयुक्‌ स्यादन्त्यधनं सुखयुग्दलितं तत्‌। मध्यधनं पढ्सङ्ग- 
शितं ततूसवेधनं गणितञ्च तदुक्तम्‌ ॥ ११८ ॥. 


उदाइरणम्‌। आद्य दिने द्र॒म्मचतुष्टयं यो दत्त्वा छिजेभ्योऽ- 
-नुदिनं प्रह्वत्तः। ad सखे पञ्चचयेन पक्ष gm वद्‌ द्राति तेन 
दत्ता: ॥ १२० ॥ 


न्यासः। आ। 8 । च। ५। ग । १५। 
मधग्रधनम्‌ । १८ | 


अन्यधनम्‌ । ७४ | 

सर्वधनम्‌ । ५८५ । 

उदाहरणान्तरम्‌। आदिः सप्त चयः पञ्च weil थत तत्र 
मे। मधयान््यधनसक्झेर के वद सबंधनञ्च किम्‌ ॥ १२५ ॥ 


|; 


न्यास | आ।७।च। ५।ग।\८। 
मधाधनम्‌ ₹ 
अन्त्यघनस्‌ | ४२ । 


४६ लोलावतो | 


सवं धनम्‌ । १८६ | 


समदिने गच्छ सधग्रदिनाभावान्मधय़ात्रागपरदिनधनयोर्योगाचं 
मधादिनधनं भवितुमहंतोति प्रतोतिरुत्माद्या । 


सुखज्ञानाय ata ब्रत्ताडेम्‌ गच्छदृते गणिते वदनं BET 
कपदधघृचया्ंविहोने ॥ १२२॥ 


उदाहरणम्‌ । पञ्चाधिकं शतं श्रेठोफलं सघ पदं किल। चयं 
aad वयं विद्यो बदन वद्‌ नन्दन ॥ १२३ ॥ 


न्यासः। आ।०।च।३।ग।७।ध।९१०५। 
लब्सादिधनम्‌ । ६ | 


चयज्ञानाय करणसूत्र' छत्ताइंमू। weed धनमादिविक्ञोनं 
व्येकपदाइहृतश्च चयः स्यात्‌ | 


उदाइरणम्‌। प्रथमसगभढक्का योजने . योजनेशस्तदनु ननु 
कयासी gR यातोऽध्वष्ठद्या। अरिकरिहरणाथें योजनानामशोत्या 
रिपुनगरमवाश्षः सप्तराळेश धीमन्‌ ॥ १२४ ॥ 


न्यासः । आ । <i च । ० | ग। ७ | ध। ८० । 
सम्धसुत्तरम्‌ ॐ 


गच्छज्ञानाय करणसूत्रं इत्तम्‌। खेढौफला दुत्तरलोचनघाष्चयाचुः 


लोलावतो | ४७ 


वक्कान्तरवगंयुक्कात्‌ । मूलं सुखोन॑ चयखण्डयुक्त चयोडतं गच्छ- 
सुदाहरन्ति॥ १२५॥ 

उदाहरणम्‌ zaai यः प्रथमेऽदि दत्ता eq प्रष्ृत्तो 
दिचयेन तेन। शतत्रयं षध्यधिकं हिजेभ्यो दत्तं कियद्भिदिवसेवं- 
SATU १२६ N 


न्यास:। MAZI च।२। Wiel wt ३६०। लब्यो 
गच्छ:। १८। 


[ facta: परिच्छ द: । ] 


अथ इिगुणोत्तरादिफलानयने करणसूत्रं साडवत्तम्‌ । विषमे 
गच्छे ब्य के गुणक: स्थाप्य: समे;डिते वर्गः। गच्छतक्तयान्तमन्त्यादास्त 
गुणधगंजं फलं यत्तत्‌॥ व्येकं ब्यैकगुणोइतमादिगुणं स्थाहुणोत्तरे 
गणितम्‌ ॥ १२७॥ 

उदाहरणम्‌ । पूवे वराटकयुगं येन दियुणोत्तरं प्रतिज्ञातम | 
प्रत्यहमर्थिजनाय स मासे निष्कान्‌ ददाति कत ॥ १२८॥ 

न्यासः। आदिः। २। चयो गुणः '२। गच्छः । ३०। 

लब्धावराटकाः। २१४७४८२६४६। निष्कवराटिकाभिभं- 
क्ाजातानिष्काः । १०४८५७ | द्रम्माः । 2. । पणा: । «१ काकिण्यो । 
२। वराटकाः। ६। 


8८ लोलावतो । 

उदाहरणम्‌ | आदिद्दिकं सखे af: प्रत्यहं चिगुणोत्तरा । 
गच्छ: सप्तदिनं यत्र गणितं तत्र किं वद ॥ १२० ॥ 

न्यासः। आदि:। २। चयो गुण: | ३ | गचछ:। ७। 

लब्धं गणितम्‌ । २१८६। 


समादिहत्तज्ञानाय करणसूत्रं agit; पादाक्षरमितगच्छे 

Q ~ ७ Q Q 
गुणवगफलञ्चयै दिगुणे। समत्वत्ताना सह्या तदर्गो वगवगञ्च । 
स्रस्पदोनो स्यातामड॑समानाञ्च विषमाणाम्‌ ॥ १३०--१३१॥ 


उदाइरणम्‌। समानामदइतुल्यानां विषमाणां waa एथक्‌ । 
ब्वत्तानां वद मे सङ्घग्रामनुष्टपक्कन्ट्सि ट्रतम्‌ ॥ १३२॥ 


न्यास: । उत्तरो गुण:। २ गच्छः । ८ | 
AM: समद्वत्तानां GST: | २५६ | 


तथाडंसमानाम्‌ | ६४२८० | 


विषमाणाच्य । ४२८४९०१७६० | 


इति अ ढौव्यवहार; समाप्त; । 


लोलावतो । 8८. 


[ षष्ठोःध्याय: । ] 


अध चेत्रव्यवहारः | 


aa मुजकोटिकर्णानामन्धतमाभ्यासन्यतमानयनाय करणसूत्रं 
धत्तदयम्‌। इष्टादाहोय: स्यात्तत्स्पर्दिन्यां दिशोतरो वाइ: । ava 


चतुरस्र वा सा कोटि: कोत्ति ता तजज्ञे: ॥ १२३ ॥ 


तत्झव्योर्योगपदं कर्णो दोःकणंवर्गयोर्विवरात्‌। मूलं कोटिः 
कोटिय तिक्कत्योरन्तरात्परद॑ बाइ: ॥ १३४ ॥ 

प्रकारान्तरेण तज्ज्ञानाय करखसूत्रं साइ्ठत्तम्‌। राश्योरन्तर- 
वर्गेण दिघे घाते युते तयोः। वर्गयोगो भवेदेवं तयोयोगान्तराहति: | 


वर्गान्तरं भवेदेवं ज्ञेयं waa घोमता ॥ १३५ ॥ 


उदाइरणम्‌। कोटिश्चतुष्टयं यत्र दोस्वयं तत्र का afar 
कोटिन्दोःकणेतः कोटिय तिभ्याञ्च भुजं वद ॥ १३६ ॥ 


कोटिः । ४। भुजः। RI 
भुजवर्गः। ८। 'कोटिवर्गः । 
१६। एतयोर्योगात्‌ । २५। 
२ सूलम। ५। कर्णी जातः। 


न्यास' y 


y ८ 


न्यास; 


न्यास, 


न्यास, 


न्यास, 


लोलावतो । 


अध कणभुजाभ्यां कोट्यनयनम्‌ । 


कण:। ५। भुजः। ३। 
N ९९ 

अनयोवगोन्तरम्‌ । १६ । 
a 


एतन्मूलं कोटिः । ४ । 
अथ कोटिकणोभ्यां सुजानयनम्‌। 

कोटिः! ४ । कणः । ३। 
8 a अनयोवर्गान्तरम्‌। ८. । 

एतन्मूलं सुज: । ३ | 
कोटिख्चतुष्टयमिति पूर्वोक्तो दाहरणे | 


कोटि;। 8 । सुजः। ३। अनः 

योर्घाते। १२ | RFI २४ । 

अन्तरवर्गेश। १। युते वर्गयोगः . 
> 


। २५। अस्य मूलं कण: ५। 


अथ कणंभुजाभ्यां कोट्यानयनम्‌ | 


कर्णः। ५। भुजः। ३। अनयो 
N aim) ८ । पुनरेतयोरन्तरेणा 

। २ । हतोवर्गान्तरम्‌। १६ । 
2 


प्रस्य सूलं कोटि । ४। 


लोलावतो | ५१ 
चथ YMAR | 


N कोटिः। ४। कण: । ५। एवं जातो 
भुजः । i 


न्यास; 


उद्धाहरणम्‌ | साडप्रितयमितो agda कोटिय meN । 


aa कणंप्रमाणं कि गणक त्रूझि मे द्रुतम्‌ ॥ १३७ ॥ 


R भुज़: ४ कोटिः ® अनयोबगयो- 


one: aim ८£ अस्य मूलाभावात्‌ 
E र 
F करणोगत एवायं करणः अस्था- 


सत्नसुलज्ञानाथंसुप्राय: । वर्गेण महतेष्टेन हताच्छ दांशयोबंधात्‌। 


पदं गुणपदक्षुअच्छिडद्धक्क॑ निकटं भवेत्‌ ॥ १३८॥ 


wa कर्णवर्गः E अस्य छेदांशवात:। १३५२ । अयुतघुः। 
१२५२०००० | अस्वासबसूहम्‌ | २६७७ | gg गुणस्रूल। १०० | 
गुणितच्छ देन ८०० । भक्षां लखमासब्रपदम्‌। ४। भागा: ees 


अयं कण: | एवं सर्वत्र । 


AANA करणसत्र हत्तदयम्‌। इष्टो भुजो$स्माद्दिगुणेट- 


५२ लोलावतो | 


निघादिश्स्य छत्येकवियुक्तयापम्‌ । कोटिः एथक्‌ सेष्टगुणा भुजोना 
aul भवेत्‌ ्रःखमिदन्सु जात्यम्‌ ॥ १३८ ॥ 


इष्टो भुजस्ततक्कतिरिष्टभक्ता fe: स्थापितेष्टोनयुतादिता वा। तो 
कोटिकणोविति कोटितो वा बाइश तो वाऽकरणोगते स्तः॥ १४० ॥ 


उदाहरणम्‌। भुजे दादशके यौ यौ कोटिकणोवनेकधा। 
प्रकाराभ्यां वद fan तो ताबकरणोगतो ॥ १४१ ॥ 


दष्टो युज;। १२ । इम्‌ । २। 


न्यासः ६ Ne अनेन दिगुणेन। ४, गुणितो 
सुजः। ४८ । इच्ध । R I 
श्र छत्या। ४; एकोनया | ३। 


भक्तो लब्धा कोटि: । १६। इयमिष्टगुणा | ३२। भुजोना जातः 
कण | २० | 


त्रिकेनेष्टेन वा | 


न्यासः | पू कोटिः। 2 । कणेः 


। १५। 
९२ 


लोलावतो । ५२ 


TJR वा | 
हि म २ कोटिः। ५। कणे; । १३ 
र्ड इत्यादि । 
अथ द्वितोयप्रकारेण 


इष्टो सुज: । १२। अस्व छतिः 
ड N । १४४ । इष्टेन। २। भक्ता लब्धम्‌ 
। ७२ । दृद्धेन। २। ऊन। ७०। 


युता-। ७४ | afeat जाती 


कोटिकणो ३५। ३७। 
अतुष्टयेन वा | 
ee N कोटि; | १६ । 
AU! | २० | 
wR 
षट्केन वा | 
DN 
e N कोटि! । ८ । 
र्र्‌ कणेः। १५। 


अधेष्टकणात्‌ कोटिभुजानयने करणसू छत्तम्‌। इष्टेन निप्नादु- 


48 खोलावतो । 
Ryna miea छत्येकयुजा यढाप्तम्‌। कोटिभंवेत्‌ सा 
प्रथगिष्टनिघो तत्कणयोरन्तरमत्र बाड: ॥ १५२ ॥ 


उदाइरणम्‌। पद्मचाशोतिमिते कणे यो यावकरणोगतो । स्यातां 
कोटि ast तो तो वद कोविद सत्त्वरम्‌ ॥ १४३ ॥ 


करण! । ८५ । अयं RTU 


cag T Ne y । १७० RARA इतः 
। ३४० दृष्ट । २। छत्या। ४ । 
ue सेकया। ५ । wal जाता 


कोटि: । ६८। इयमिष्टगुणा। १३६ ।,कर्णों । ६५ । निता जातो 


भुजः। ५१ । 


चतुष्केशेट्टेन वा | 


कोटि: | ४० | 
भुज: । ७५ । 


प्रकारान्तरेण तकरणसूत्र TNH! qau सेकेन fea: 
attr वा wal फलोन शवण: कोटि! फलमिष्टगुणं भुजः 


है १४४ है 


लोलावतो । yy 


पूर्वोटाहरणे | 
करण । «५ । अतदिकेनेष्टेन 
न्यास. २ EN कोटिभुजी 
* जातो किल कोटिभुजी । ५१। 
Qc द्र | 
चतुष्कण वा । 


कोटि! । ७५ । भुज:। ४० । अत्न 

woy N कोज्योनालमेड A 
दोः एव केवलं न 
सरूपभेदः | 


अथेष्टाभ्यां सुजकोटिकणानयने करणसूत्र' इत्तम्‌। wane 
तिदिघोकोटिवेगान्तरं भुज; । कृतियोगस्तयोरेंव॑ कर्णश्चाकरणोगतः 


॥ १४५॥ 
उदाहरणम । Ajea भवेज्नात्यं कोटिदी:शुवणेः सखे । चौन- 
ग्यविदितानेतान्‌ fan वृद्धि विचक्षण ॥ १४६ ॥ 


SNe | 
न्यासः 8 N sE e”. 4 
श्राभ्यां कोठिभुजकणा; । 
3 ४। ३ । ५ । 
अथवेष्टे । २: ३ । 
१४ N आभ्यां कोटिभुजकणा: | 
१२। ५। १२३ 


५६ लोलाबतो । 


JALI २ । ४ | आभ्यां 
N कौटिभुजकणा; । १६ । 


१२ | २० । एवमन्यबा- 
१२ नेकधा | 


कणंकोटियुती भुजे च ज्ञाते एथक्रणसूत्र' हत्तम्‌ । बंशाग्रमूला- 
न्तरभूमिवर्गों बंशोडुतस्तेन एथग्युतोनो | वंशो ace भवतः क्रमेण 


बंशस्य खर्डे y तिकोटिरूपे ॥ १४७॥ 


उदाहरणम्‌ । यदि समभुवि वेणदित्रिपाणिप्रमाणो गणक 


पवनवेंगादेकदेऐे स भग्नः। भुवि दृपमितहस्तेषङ्गलग्न तदग्र' 


कथय कतिषु मूलादेषभग्नः करेषु ॥ १४८॥ 


२० बंशाग्र - मूलान्तर - भूमिभुजः | 
न्यासः १६। वंशः कोटिकणं युतिः | 
१२ K २२। जाते ऊड़ंधःखण्डे। 

ह २०।१२। 


बाइकण योगे दृष्टे कोट्याच ज्ञातायां शथकरणसूत्र' TAA 


स्तम्भस्य वगोऽडिविलान्तरेण भक्त: फलं व्यालविलान्तरालात्‌। शोध्यं 


तद्बंप्रमितेः करः स्यादिलाग्रतो व्यालकलापियोगः ॥ १४८ ॥ 


लोलावतो | ५७ 

उदाइरणम्‌। अस्ति सम्भतले विलं तदुपरि क्रोडाशिखण्डो 

स्थितः स्तम्भे इस्तनवोच्छिते त्रिगुणितस्तम्भप्रमाणान्तरे। enfe 

विलमात्रजन्तमपतत्तिय्येक्‌ स तस्योपरि चिप्र व्रूहि तयोविलातृकति- 
मितेः सास्येन गत्योयु ति: ॥ १५० n 


स्तम्भः। ८ । अह्िविलान्तरम्‌। २७। जाता विलयुत्योमंध्य- 


हस्ता, । १६ I 


कोटिकर्णान्तरे भुजे च दृष्टे एथक्करणसूत्रं प्ठत्तम्‌। भुजाइगिता- 
व्कोटिकणौन्तरांप्त fea कोटिकर्शान्तरेणोनयुक्तम्‌। ace क्रमात्‌ 
कोटिकणो' भवेतामिदं धोमताऽऽवेद्य सवत्र योज्यम्‌ ॥ १५१ ॥ 


सखे प्रझतन्मन्जनस्यानमध्य' सुज: कोटिकणोन्तरं पद्म दृश्यम्‌ । 
नलः कोटिरेतन्मितं स्याद्यदन्भोवदेवं समानोय पानोयमानम्‌ ॥ 


१५२॥ 


उदाहरणम्‌ | चक्रक्रोद्चाकुलितसलिले क्वापि दृष्टं ag 


तोयाढूड़' कमलकलिकाग्र' वितस्तिप्रमाणम्‌। मन्द' , मन्द॑ चलित- 
मनिलेनाइतं इस्तयुग्मे तस्मिम्मग्न गणक कथय चिप्रमम्भःप्रमाणम्‌ ॥ 


१५२ ॥ 


yc लोलावतो | 

कोटिकर्णान्तरम्‌ $ भुजः। २ | 
wal जलगाम्भोय्येम्‌ ४ इयं कोटिः 
न्यासः इयमेव कलिकामानयुताजातः 


9 
कण; छ 


कोट्ये कदेशेन युते कर्ण भुजे च दृष्टे कोटिकणज्ञानाय करण- 
सूत्र ana दिनिघातालोच्छ्रितिसंयुतं यत्सरोऽन्तरं तेन विभाजि- 
तायाः । तालोच्छ्रितेस्तालमरोऽन्तरघुपा उड्डौयमानं खलु लभ्यते 
तत्‌ ॥ १५४ ॥ 


उदाहरणम्‌ । ब्वच्ताइस्तशतोच्छयाच्छतयुगे वाप af 
कोऽप्यगादुत्तीय्योथ परो gi खुतिपधेनोड्डौयकिच्चिठ्‌ gard 
जातैवं समता तयोयेदि गतावुड्डोयमानं कियदिदन चेत्सुपरि- 
खमोऽस्ति गणिते Ran’ तदाऽऽचच्छ मे ॥ १५५॥ 


बक्षवाप्यन्तरम्‌ । २०० | उत्तो- 
UF: | १००। लब्धसुंड्डोय- 
Bee सानम्‌। ५०। कोटि; ।१५०। 
l कर्ण: | २५० | सुज: २००। 


न्यासः eye joe 


WANA कण च ज्ञाते एथकरणसूत्रं ब्वत्तम्‌ । कर्णस्य 


वगाद्द्दिगुणादिशोधप्रोदो:. कोटियोगः  खगुणो$स्थ HAR । 


लोलाबती । ye 
योगो दिधा सूलविद्ोनथुक्तः स्यातां act भुजकोटिमाने ॥ 
१५६॥ 


उदाहरणम्‌ । दशसप्ताधिकः कर्णस्त्यधिकाविंशतिः सखे । 
भुजकोटियृतिर्यत्र तब ते मे एथग्वद ॥ १५७॥ 


कणेः। १७। दोः कोटि- 
न्यासः al २७ योगः। १२। जाते भुज- 
ग्रे z कोटो ८। १५॥ 


उदाहरणम्‌ A: कोव्योरन्तरं शेला; कणी यत्र बयोट्श। 
भुजकोटो एथक्तत्र वदाश गणकोत्तम ॥ १५८॥ 


कणेः! १३ । मुजकोव्य- 
न्यासः RR \ न्तरम्‌ । ७7 wl भुज- 
कोटो । ५ । १२। 


लम्बावबाधाज्ञानाय करणसूत्रं बृत्तम्‌। अन्योऽन्यमूलायगसूत्र- 
योगाद्वेण्वोबेधे योगहते च लम्वः। वंशी खयोगेन छृतावभोष्टभुघौ 
च लम्वोभयतः FSW ॥ १५८ ॥ 


उदाहरणम्‌ | पञ्चदशद्शकरोच्छ्रायवेण्वोरज्ञात मध्यभूमिकयोः | 
इतरेतरमूलाग्रगसूत्रयृतेलंम्वमानमाचच्च ॥ १६०॥ 


ae लोलावतो । 
बंशी । १५। १०। जातो लम्बः 
। ६ | वंशान्तरभू;। ५ । अत्र 
जाते भूखण्ड । २ । २। अथवा 
Wi १०) खण्ड ei sl 
(” वा भू!। १४। खण्ड ८।६। 
\ वा भूः। २०। खण्ड ।१२।८। 
3 के 


ud gda लम्ब; स एव । 


न्यास, 


aaa भूमितुल्ये भुजे बंश; कोटिस्तदा भ,खण्डेन किमिति 
बैराश्रिकेन aaa प्रतोतिः । 


अथ अलेबलक्षणे सूत्रम्‌। छ्टोहिटिमजुमुजं चेतरं यत्रेकबाइत: 
een) तदितरभुजयुतिरथवा तुल्या ज्ञ यं तदचेत्रम्‌ ॥ १६१ ॥ 

उदाहरणम्‌। चतुरखे विशड्दग्रकाभुजास्थसत्रे. चिषसवा; । 
उद्दिष्टा यत्र wea लदचेत्न' विनिदिशेत्‌ ॥ १६२ ॥ 


एते अनुपपन्ने चेत्र | 


ZN ८ 4 Te. < & 
è 2 


भुजप्रमाणा ऋजुशलाकाः भुजस्थानेपु विन्यस्यानुपपत्तिदेशनो- 
येति। 


लोलावतो । ६१ 

अबधादिज्ञानाय मरणसूत्रसाय्यादयम्‌ । विभुजे मुजयोर्योगस्त- 

दन्तरयुणो भुवा EM aa) दिःखाभूरुनयुता दलिता5बाघे 

तयोः स्याताम्‌ ॥ स््राऽऽवाधाभुजक्कत्योरन्तरमूलं प्रजायते लम्व; । 
लस्बगुणं भूम्यद we fays फलं भवति ॥ १६३-१६४ ॥ 


उदाहरणम्‌ । क्षेत्रे महोमनुमिता fays :भुजी तु यत्र बयो- 
दशतिथिप्रमिती च मित्र । तबावलम्वकमितिं कथयावबाधै चिप्र 
तथा च समकोष्ठमितिं फलाख्याम्‌ ॥ १६५ ॥ | 


भूः। १४। भुजो । १२। 
Ah AL । १५ । aa आबाधे 

। ५ | ८ | लम्ब: । १२ । 
५ १४ € च्ेब्फलञ्च। ८४ । 


न्यास: 


ऋणाऽऽवाधोदाहरणम्‌। दशसप्तदशप्रमो भुजो त्रिभुजे यव 
नवप्रमा महो | अबधे वद लम्वकं तथा गणितं गाणितिकाश aa 


मे॥ १६६ ॥ 


न्यास, ; 


दर J भूमि: 2 । 


अत्र चिभुजे भुजयोयॉग इत्यादिना लब्धम्‌ । २१ । अनेन 


६२ शोलावतो | 


भुरूना न स्थात्‌ अस्मादेव भूरपनोता शेषाइंस्टणगताऽऽवाधा दिग्वै- 
quate: | तथा जाते आवाधे। ६। १५। अत उभयत्रापि 
जातो लम्वः। ८। फलम्‌ । ३६ | 


चतुभुजत्रिभुजयोरस्पष्टफलानयने ATT TAA! स्वेदोयु ति- 
दलञ्चतुःस्थितं बाइमिविरहितञ्व तद्दधात्‌। सूलमस्फुटफलं चतुभुजे 
स्पष्टमेवसुदितं त्विबाइके ॥ १६७ N 


उदाहरणम्‌। भूमिय्रतुदेशमिता सुखमङ्कसङ्घग्र बाहू वयोदश- 
दिवाकरसम्प्रिती च । aefa यत्र रविसंज्ञक एव तत्र क्षेत्रे फलं 
कथय तत्‌कथित॑ यदाद्यैः ॥ १६८ N 


za 
Ye ra भूमि: । १४ i । 
l (३ ? भूमि: । १४ सुखं । ८ 
न्यास. बाह । ११ | १२ | 
लम्वः। १२ । 
३३ 


उक्कवंतूकरणेन जातं क्षेत्रलं॑ करणो । १८८०० । अस्याः 
पदं किञ्चिनूनमेकचत्वारिंशच्छतम्‌ । १४१ । इदमत्र चेतरे न वास्तं 
फलं किन्तु waa निघ कुमुखेक्यखण्डमित्यादिवच्यमाणकरणेन 
वास्तवं फलम्‌ । १३८। 


लोलावतो | ६२ 
अत्र त्रिसुजस्य पूर्वाटाद्वतस्य | 


भूमिः। १४. । भुजी 
। १३।९५। 


| | 


न्यास; xe 
प te © 


अनेनापि प्रकारेण त्रिबाइके तदेव वास्तबं फलम्‌। ८४ । अच 
चतुभु जस्यास्पष्टसुद्तम्‌ | 


अध स्थ,लत्वनिरुपणाथ सूत्रं साइष्ठत्तम्‌ । way जस्यानियती 
हि कणी कथं ततोऽस्मिन्नियतं फलं स्यात्‌। प्रसाधितो तच्छवणी 
यदाद्येः खकल्पिती तावितरत्र न स्तः॥ तेष्वेव बाहुष्वपरों च 
कर्णावनेकधा चेत्रफलं AAT ॥ १६९-१७० ॥ 


aqua हि एकान्तरकोणावाक्रम्याऽन्तः प्रविश्यमानी स्तसंसक्तं 
0५ + a 09 
कण सङ्कोचयतः इतरी वहिरपसरन्तो कोणी adaa कणं वद्दयतः 
अत उत्तन्तेष्वेव बाहुष्वपरी च कर्णाविति | 


लस्वयोः कणेयोबेकमनिर्दिश्यापरान्‌ कथं । एच्छत्यनियतत्वे$पि 
नियतञ्चापि ततृफलम्‌ ॥ १७१॥ 


स एच्छकः पिशाचो वा वक्ता वा नितरान्ततः। यो न वेत्ति 
चतु्बीइचेत्रस्थानियतां स्थितिम्‌ ॥ १७२॥ 


६४ लोलावतो । 

समचतुमु जा55यतयोः फलानयने करणसूतृ साईश्नोकदयम्‌ । 
इछा आतिस्तुस्यचयुसु जस्य कल्पाथ तद्द्गतिवर्जिता या। चतुगु णा 
वाइकतिस्तदोयं सूलं द्वितीयञ्चवणप्रमाणम्‌ ॥ १७३ ॥ 


अतुल्यकर्णाभिहतिदिंभक्षा फलं स्मुटंः ` तुल्यचतुभु जे waa! 
समखुतौ तुल्यचतुभु जे च तथाऽऽयते तडुजकोटिघात: ॥ १७४ ॥ 


चतुभु जेन्‍्थत॒ समानलम्बे लम्वेन निघडुसुखेक्यखरडम्‌॥ 


॥ १७५ ll 


अतोद्देशक: | क्षेतस्य पद्चकतितुल्यचतुमु जस्थ कणो ततख 
गणितं गणक प्रचच्छ । JaA खलु तस्य तथायतस्य यहिस्तु- 
तोरसमिताष्टमितं च देघ्येम्‌ ॥ १७६ ॥ 


प्रथमोदाहरणे 


भजा ७३५ । २५ । २५। 
।२५। 

अत तिशन्मिता। १०। 
मेकां युति प्रकल्पा जाता- 
SAT ४०।फलञ्च। ६००। 


न्यास. 


लोलावतो | ey 


8८ 
२ Rq 
न्यास. 
R8 
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द्वितोयो दाहरणे 


न्यास, | | Ry 


= 4 


अथायतस्य 


Cc 
न्यास. रु E | 


चतुर्दशमितामेकां | १४ । 
युति प्रकल्पग्रोत्तवत्करणन 
जाताऽन्या Bat ४८ । 
फलञ्च । २२६ | 


ततूक्कत्योयाँगपदं कणं इति 
जाता करणोगता झुतिरुभ- 
यत्न JATI १२५०। गणि- 
तद्ध। ६२५ । 


विस्तृतिः । ६। cay 
। ८ । अस्य गणितम्‌ 
। ४८। 


उदाहरणम्‌ । Fam यस्य वदनं मदनारितुल्थं विश्वम्भरा 


दिगुणितेन मुखेन qe) बाइत्रयोदशनखप्रमितो च लम्बः सूर्य्यो- 


न्मितथ गणितं वद्‌ तत्र किं स्यात्‌ ॥ १७७॥ 


६६ लोलावतो। 


वदनम्‌ । ११ । 
विश्वम्भरा । २२ | 
ae | २३ । २० I 
लम्बः । १२ । 


६।२२।१६ 
अत्र सवेटोयु तिदरूमित्यादिना स्य॒ लं फलं । २५० । वास्तवन्लु 


aaa fra कुमुखेकाखण्टमिति जातं फलम्‌। १८८ । चित्रस्य 
ta fae 
quad क्त्वा फलानि एथगानोय tat war फलोपपत्तिद- 


ANAT । 


खण्डवयदशेनम्‌ | 


R 


प्रथमस्य सुजकोटिकस्पाः। ५ । १२ । १३ । दितीयस्यायतस्य 
विस्तुति:। ६ । देघ्यमू । १२ । ढतौयस्य भुजकोटिकर्णः। १६ । 
९२ । २० | l 


qa विभुजयो: चेब्रयोमुजकोटिघाताद फलं आयते चतुरस्रे 
JA सङ्गजकोटिघातः फलं यथा प्रथमक्षेत्रे फलम्‌ । ३० । दितोये 
। ७२। ढतोये | “६ । एषामेक्यं स्वक्षेत्रफलम्‌ । १८८। 


लोलावती । ६७ 

अधान्यदुदाहरणम्‌ । पद्माशदेकसहिता वदनं यदोथं भूः 

पञ्चसप्ततिमिता प्रमितोऽष्ट्ा। सव्यो भुजो हदिगुणविंशतिसब्धि- 
तोऽन्यस्तस्मिन्‌ फलं खवणलस्वमितो प्रचच्च ॥ १७८॥ 


कदनम्‌ । ५१ । 
ane: whe भूमि; । ७४ । 
f मुजी। ६८ ।४०। 


E 

u 
पोनां LA a Q 

अत्र फलावलम्बश्ुतोनां सूत्रं उत्ताडम्‌ । ज्ञातेऽवलम्वे श्रवण: 


Bal तु लम्बः फलं स्यान्नियतन्तु तत्र ॥ १७८ ॥ 


कर्णस्यानियतत्वाल्लम्बोऽप्यनियत इत्यर्थ: । लम्बज्ञानाय करण- 
सूत्रं qa! चतुसु जान्तस्त्रिभुजेऽवलम्वः प्राग्बद्च जौ कणंभुजो 


मही भू, ॥ १७८४४ ॥ 


Qe Q 

अत्र लम्बन्नानाथ सव्यभुजाग्राइच्िणभुजमूलगामो इष्ट; कण; 
सप्तसप्ततिमितः कल्पितस्तेन चतुभु जान्तस्विभुजं कल्पित तत्राऽसौ 
कणे एको भुज: । ७9 । RAG सव्यभुज: ६८। भू! सेव । ७५ । 


अत्र प्राग्बल्लव्यी लम्बः ° 


शद लोलावतो । 
लम्बे ज्ञाते कणंज्ञानाथं सूत्रं छत्तम्‌ । ` यज्लम्वलब्वाचितबाइ- 
afar = ८ मन 
वगविश्वे षसूलं कथिताऽवधा सा। तदूनभूवग यज्ञम्व- 
वर्गस्य पदं स कण ॥ १८० ॥ 


अतृ सव्यभुजाग्राज्म्व. किल कल्पित; ५" अतो जाताऽऽवाधा 
१ तदूनभूवर्गसमन्वितेत्यादिना जातः कर्णः । ७७ | 


दितोयज्ञानाथं सतं छत्तदयम्‌। ees कणेः प्रथमं प्रकल्पः 
wa तु कर्णॉभयतः स्थिते ये। at तयोः च्झामितरी च बाहू 
प्रकल्प्य लम्वाबनधे च साध्ये॥ आबाधयोरेकककुप्स्थयोयत्‌ 
स्यादन्तरन्तत्क्कतिसंयुतस्य । लम्बैक्यवर्गस्य पदं दितोयः कर्णो भवेत्‌ 
सवंचतुभु जेषु ॥ १८१-१८२ ॥ 


न्यासः 
Spl 
sa चतुभ जे सब्यमुजाग्राद्रच्तिणमुजसूलगामिन; ATS मानं 


कल्पितम्‌। ७७ । तत्कणरेखावच्छिन्नस्थ चेतृस्य Aa कण रेखो- 
भयतो ये त्युस्रे उत्पन्न तयोः कणं भमिं तदितरी च भुजौ प्रकल्प्य 


लोलावतो । ge 
प्राग्वक्म्व: आबाधा च साधिता | तइशेनं लम्बः। ६० । दितौयलम्बः 
। २४। आबाधयो | ४५। २२ | रेकककुप्स्थयोरन्तरस्य । १३ । 
Wal १६८ । लंम्वेक्य- ८४ | RAT) ७०४६ | योग; । ७२२५ । 


तस्य पदं हितोयकर्णप्रमाणम्‌ । ८५ | 


अतेष्टकर्णकलूपने विशेषोक्तिसूत' साडेवत्तम्‌ | 


कर्णाखितखल्पमुजेकसुवी' प्रकल्प्य तच्छेषभूजी च बाहू । 
साधग्रोऽवलम्बोऽथ तथान्यकर्णः ata: कथं चिच्छवणोन दोघ: ॥ 


तदन्थलम्वान्न लघुस्तथेदं ज्ञात्व THM सुधिया प्रकल्प्यः ॥ १८३ ॥ 


चतुभु जो fe एकान्तरकोणयोराक्रम्य सङ्गोच्यमान faya 
याति aa ककोणलग्नलघुभुजयोरेक्यं भमिरितरी भुजौ च। तल्लम्बा- 
दूनः सङ्गोच्यमानः कर्णः कघञ्चिइपि न स्यात्‌ तदितरो भूमेरधिको 


न स्यादेवसुभयथापि । एतदनुक्तमपि बुद्धिमता ज्ञायते | 


विषमचतुभुं जफलानयनाय करणसूत' ठत्ताइम्‌। wa तु 


कर्णोंभयतः स्थिते ये तयोः weal फलमतृ नूनम्‌ ॥ २८४॥ 


अनन्तरोक्तक्षेत नन्तस्त्रास्रयोः फले । ८२४ । १३१०। भ्रनयोरेक्यं । 


२२३४। तस्य फलम्‌ । 


ee लोलावसो | 


समानलम्वस्याबधादिज्ञानायः करणसूत' FMEA! समान- 
लम्दस्थ चतुभु जस्य सुखोतभूमिं परिकल्प्य भूमिम्‌। भुजो भुजौ 
qaaa साधय तस्यावधे लम्बमितिस्ततथ॥ आबाधयोना चतुर- 
खभूसिस्तक्षम्व वर्गेक्यपदं खुतिः स्यात्‌। अमानलम्बे लघुदोःकुयो- 
गान्मुखान्यदोःसंयुतिरल्‌पिका स्यात्‌ ॥ १८५-१८६ N 


उदाहरणम्‌ । दिपच्चाशबन्मितव्येकचत्वारिंशन्मितो भुजौ । सुखन्तु 
पञ्चविंशत्या aa wat महो किल॥ अअतुख्यलम्बकं क्षेत्‌ मिदं 
पूर्वेरदाह्वतम्‌ | षट्पच्चाशच्चिषडिख नियते कणंयोमितो॥ कणी 
तत परी ब्रूहि समलम्बच्च तच्छुती ॥ १८७-१८९. ॥ 


९२२२ पद श्रत्‌ ay कणं 
न्यास, AN प्र तिषष्टिमिति प्रक- 
लूप्यात जात: प्राग 

qe दन्यः कणे: । ५६ । 


अथ पटपआशत्स्थाने दाति शन्मित' कण । २२ । प्रकलूष्य 


AS 


लोलावती | ७१ 


प्राग्वत्साध्यमाने कर्ण जात MAGE । ६२१ । 
। २७०० | अनयोमूलयो- २४ १ रेक्यं दितौयः 


२३ 28 
ay २५ 


Q 
कणः ७६ 


२२ 
२५ 


अथ तदेव च्चेतञ्च त्‌ समलम्वम्‌ | 


न्यास, 


तदा सुखोन भूमिं परिकल्प्य भूमिमिति ज्ञानाथं aa 
कल पितम्‌ । 


J& 
न्यासः waar जाते 
पृ ? z 
GET 
|g Fe 
aay करणोगतो जातः ६° 


es 


्सत्रसूलकरणेन जातः २८ 


७२ लोलावतो | 
5 Qn as 
अयं तत, चतुशु जे समलम्बः | लघ्वाऽऽवाधोनितसमभ्‌ मेल स्वस्थ 
७ a ७४ ९ ७ j 
च वगयोगः। ५०४८ | wa कणवगः। एवं हच्ददाबाधातो 
दितोयकर्णवर्ग:। २१७६ । अनयोरासब्रमूलकरणेन जाती कणी 


७१ 8४६ 
इश झेड 


एवं चत्‌ रखे तेष्वेव बाहुष्वन्यो कणों बहुधा भवत: एवमनिय- 


तत्व sfa नियतावेव कर्णावानोती ब्रह्मगुप्ताद्य स्तादानयनं यथा | 


कर्णाशितभ्‌ जघाते क्यसुभयथाई$न्यो न्यमाजित गुणयेत्‌ alia 


भ.जप्रतिभु जहत्यो: कणी पदे विषमे ॥ १८० ॥ 


न्यास. 


कर्णाशितभ,जघातेति एकवारमनयो-। २४ । ३८ । घोत-। 
&७५। स्तथा। ५२ । ६० । ऽनयोर्घातः। :३१२०। घातयो- 
दयोरेक्यम्‌ | ४०८५ | तथा दितोयवारम्‌ | २५ । ५२ । भ्रनयोर्घाते 


:जातम्‌ । १३०० । तथा दितोयवारम्‌ । ३८ । ६० । 


लोलावतो । 93 
अनयोर्घाते । २१४० | घातयोद्दयोरेक्यम्‌ । २६४० । भुज- 
प्रतिसुजञ-। ५२। ३८ । घातः। २०२८ । पश्चात्‌ । २५ I 
६०। अनयोबंध:। १५०० । तयोरेक्यम्‌। २५२८ । अनेनेक्येन | 
lease! गुणितं जातं पूर्वेक्यम्‌ । १२८४१८२०। WAR- 
कर्णाशरितमुजघातेक्येन | ४०८५ | भक्त AHH! ३१३६ I 
अस्य सूलम्‌ । ५४५६ । एकः कणे; । तथा falanta- 
प्रथमकर्णाख्रितमुजघातेकाम्‌ | ४०८५ । मुजप्रतिमुजबधयोग- । 
। ३५२८ । गुणितं जातम्‌ । १४४४७१६० । अन्यकर्णी- 
श्ितिघातेखेन । २६४० । भक्त लब्चम्‌ । ३८६० | अस्य 
सूलम्‌ । ६३। दितोयः at) अस्य कर्णानयनस्य प्रक्रिया- 
गोरबं लघुप्रक्रियाट्शनहारेणाह । अभोष्टजात्यदयबाहुकोटय: 
परस्परं कणंहतामुजा इति । चतुभुजं यहिषमं प्रकल्पितं 
युतो तु तत्र बिमुजद्दयात्ततः ॥ aster: कोटिबधेन 
युक्‌ स्यादेका ga कोटिसुजाबधेक्यम्‌ । अन्या लघौ सत्यपि 


साधनेऽस्मिन्‌ पूर्वे: ad यद्‌ बहु aa fag ॥ १०१-- 


१८२ Il 


१ o 


७४ लोलावतो । 


लात्यचेत्रदयस्य 


न्यासः 3 N 


एतयोरितरेतरकणंहताभुजाः कोटयः इतरेतरकणंहताः कोटयो 
भुजा इति कवते जातम्‌ | २५ | ६० । YR । ३९। 
तेषां महतो भूलंघुमुखमितरौ बाहू इति प्रकल्प्य चेत्र- 
दशनं इमी कणी महतायासेनानोती a ५६। wea 
जात्यद्दयस्योत्तरोत्तरभुजकोव्योर्घातो जातौं। २६। २०। श्रनयो- 
रेक्यमेकः कणंः। ५६। aT! ३ । ५ । कोव्यो- । ४ । 
। १२ | ख घातो । १५। ४८ । अरनयोरेक्यमन्यः कण: । 


६३। एवं सुखेन Bal स्याताम्‌। अथ यदि पाश्वंभुजसुखयो- 
व्य त्यय॑ कता न्यस्तं क्षेत्रम्‌ 


न्यास, 


तदा जाद्यद्वयकणँयोवंध: । ६५ | दितोयकणः | 


लोलावतो | ७५ 
अथ सूचोत्तेबोटाहरणम्‌ । क्षेत्रे यत्न शतत्रयं चझितिमिति- 
wee (१२५) तुल्य सुखं बाहू खोत्‌कतिमिः ( २६० ) 
शरातिटतिभि- ( १०४ ) Geta तब खुति;। एका खाष्टयमेः 
(२८०) समा तिथिगुणे- (३१५) रन्याथ तक्षम्बको get 
गोष्टतिमि- ( १८० ) स्तथाजिनयमे ( २२४ ) याँगाच्छृुवोलम्वयोः ॥ 
तत्‌खण्डे कथयाधरे अवणयोर्योगाच लम्वाबधे तत्‌ सूचो निज- 
मार्गहद्भुजयोयॉगाद्यथा स्यात्तत;। साबाधं वत लम्वकस्च भुजयोः 
सूच्याः प्रमाणे च केः। सवें गाणितिक ma नितरां asa 
द्चोऽसि चेत्‌ ॥ १०३--१०४ tt 


न्यास, 


७६ लोलावतो । 
भूमानम्‌। ३०० | मुखम्‌ । १२५ | बाहू । २६० I 
। १८५ । कर्णों। २८० । ३१५ | लम्बौ । १८८ । 


। २२४ | 


अथ सम्धाद्यानयनाय करणसूत्र आय्याददयम्‌ .। लम्बतदा- 
faa wore लम्वस्थ। सन्ध्रोना a पोठं 


साध्य यस्याधरं खण्डम्‌ ॥ सन्धिदिस्यः परलम्बशुवणहत: परस्य 


Weal भक्तो लम्वयुत्योर्योगात्‌ स्यातामधःखण्हे ॥ २८ ४-- 
१८६ ॥ 
लम्बः। १८८ । तदाशितसुज: । १८५ । अनयोमंध्ये 


यल्लम्वलम्बा खितबाडुवगत्यादिना$;गता$$बाघा सन्धिसंज्ञा। ४८ । 


तदूनितभूरिति दितोयाऽऽवाधा सा पोठस'ज्ञा! २५२ | 


एवं हितीयलम्ब:। २२४ । तदाशितशुजः। २६० । पूर्ववत्‌ 
सन्धिः। १३२। पोठम्‌। १६८ | 


अधाद्यलम्व- १८९ । स्याधःखण्ड' साधाम्‌ | 


अस्य सन्धि: ४८। fee; ४८ । परलम्वेन। २२४ 
शुवणेन च । २८० । एथग्गुणितः। १०७५२। १३४४० | 


परस्य पोठिन । १६८ | wal wa लम्बाधःखण्हम्‌। ६४। 
ग TUT GFBEY | ८० | 


लोलावतो | eo 
एवं RATAR २२४ । afar १३२ । परलम्वेन । 
१८८ । कर्णेनच। २१५। श्थग्गणितः परस्य पोठेन। २५२। 


भक्तो लब्धं लस्वाघःखण्डम्‌। ८८ । श वणाघःखण्डञ्च। १६५। 


अथ कणंयोर्योगादधोलम्वज्ञानाथे सूत्र द्त्तम्‌। wat भूधौ 
निजनिजपोठविभक्ती च वशो स्तः। तास्यां प्राग्बच्छुत्यो याँगाक्षम्वः 
FSW च ॥ १८७॥ 


लम्बौ । १८८ | २२४। भू-। २००। घौ जाती। ५६७०० | 
६७२००। QART २५२। १६८। wal एवमत्र लग्यौ 
वंशो। २२५। .४०० | आभ्याम्‌ अन्योऽन्यसूलाग्रगसूब्रयोगादि- 
त्यादिकरणेत लब्धः कर्णयोगादधोलस्वः। १४४। भूखण्ड च। 


१०८। १८२ I 


अथ सूच्याऽऽवाधालम्बभुजञ्जानाथं सूत्रं हत्ततयम । लग्बष्दतो 
निजसन्धिः परलम्वगुणः समाहुयो झेयः । समपरसन्यगोरेक्यं 
हारस्तेनोदतो तो च॥ समपरसन्धी wa Gea एथक्‌ 
स्याताम्‌। BITES: परलम्वः सूचोलस्बो भवेद्भूघः॥ सूचोलम्व- 
ay निजनिजलम्बोइतो सूच्याः। एवं च्षेबच्षोद: प्राज्ञे खेराशि- 


काजज्ञ य: ॥ १८८-२०० ॥ 


ec लोलावतो । 

sa किलायं लम्वः । २२४ । अस्थ सन्धि; । १३२ | 
अयं परलम्बेन। १८८। गुणितो। २२४। ऽनेन भक्तो जातः 
समाहय; TE 

अस्य परसन्धेस । ४८। योगो हारः te" 

अनेन भू-। २०० | घु समः `° 

परसन्धि 29° ञ्च भक्तो जाते सूच्याऽऽवाधे १४६ YUE 

एवं द्वितोयसमाहुयः "११ 


हितोयो हारः ` 


अनेन भूघ ala: समः C2 qafa *६" भक्तो जाते 
सूच्याऽऽवाधे {ऊ २१४ परलम्वः । २२४ । भूमि Ree । 
गुणो हारेण ११°” भक्तो जातः सूचोलस्व; ६९7 

सूचोलम्बेन भुजौ । १८५। २६० | गुणितौ खखलम्वाम्याम्‌ | 


RELI २२४ । यथाक्रम' भक्तो जातो खसमागंबदी सचोभुजों 


Q fi + ७ ५ 
एवमत्र सव त्र भागहारराशि प्रमाणं गुखगुणकी तु यथायोग्य 


फलेच्छप्रकल्प्य aya चेराशिकमहाम । 


लोलावतो । ७८ 


अथ दत्तचेत्रे AWE दत्तम्‌। व्यासे भनन्दाग्नि ( ३८२७ ) 
हृते विभक्त खवाणसूय्यें: (१२५० ) परिधि; स aan. aft 
a frets शेलेः (७) aman स्यादइग्रवद्दार्योग्यः ॥ 
२०९१ ॥ 


उदाहरणम्‌ | विष्कम्भमानं किल सप्त यत्र तत प्रमाणं परिधेः 
प्रचच्च । दाविंशतिर्यत्मरिधिप्रमाणं तद्दाससझ्याच सखे विचिन्तय ॥ 
२०२ Il 


व्यासमानं। ७ | 

wal’ परिधिमानं 
न्यासः २१ 
tie 


स्थूलो वा परिधिलेब्या। २२ । 


अथवा परिधियो व्यासानयनाय 


गुणहारविपय्यंयेण 
ब्यासमानं AH ७ 


yite 
ERS 


न्यास, 
F 


स्थल वा। ७। 


बत्तगोलयो: फलानयने करणसूत्रं हत्तम्‌ । छत्तच्ेत्र परिधिगुणित- 
व्यासपादः फलं यत्‌ चुस वेदेरुपरि परितः कन्दुकस्येव MAA । 


co लोलावतो । 
गोलस्थेवं तदपि च फलं west व्यासनिघ षडभिर्मत्तं भवति नियतं 


TAT घनाखग्रम्‌ ॥ २०३ ॥ 


उदाहरणम्‌ । यद्यासस्तुरयेमिंतः किल फलं Ba समे तत्र 
{ किं::व्यासः सप्तमितश्च यस्य सुमते गोलस्य तस्यापि किम्‌। छे 
: कन्दुकजालसत्रिभफलं गोलस्य तस्यापि किं मध्ये gfe घनं फलञ्च 
विमलाञ्चे दस्ति लोलावतोम्‌ ॥ २०४ ॥ 


बत्तचेत्रफलदश नाय 


व्यासः। ७ । 
परिधिः २१ 
न्यास; 3 
JARTA २८ 


गॉलएछफलदश नाय 


ब्यास, : ® । 


न्यासः गोलएष्ठफलम्‌। १५२ 


लोलावतो । ८२१ 


गोलान्तगेतघनफलदशं नाय 


ब्यास; । ७ । गोलस्यान्त- 
गंत घनफलम्‌ १७८ 


१४८७ 
Bee 


न्यासः 


अथ प्रकारान्तरेण तत्फलानयने करणसूज ARETA) व्यासस्य 
वर्गे भनवाग्निनिघे aa फलं पञ्चसहस्रअक्त | छद्राइते NERS- 
थवा स्यात्‌ स्यूलं फलं तद्यवहाश्योग्यममू । घनोक्कतव्यासदलं 
निजेकविंशांशयुग्गोलघनं फल स्यात्‌ ॥ २०५-२०६ N 


ब्यास; । ७। अस्य वग ; sei भनवाग्निनिधे पञ्चसहस्रभक्त 
तदेव Gai फकम्‌ २८ 


2823 
Joo 


अधवा व्यासस्य वगे | ४८ | रुट्राहते। ५३८ | शक्रहत wal 
स्थूल फलम्‌ २८ 
१ 
२ 
घनोक्कतब्यासदलं १२ 
निजैकविंशांशयुक्‌ गोलस्य घनफलं स्थूलम्‌ १७८ 


२ 
2 


ट्र लोलावतो । 


शरजोवानयनाय करणसूत्र MEETA) च्याव्यासयोगान्तर- 
घातमूलं ब्यासस्तटूनो दलितः शरः स्यात्‌ । व्यासाच्छरोनाच्छरः 
aug qa fafa भवतो जोवा। जोवादवगे शरभक्षयुक्त 
ब्यासप्रमाणं प्रबदन्ति ब्वत्त ॥ २०६-१०७॥ 


उदाहरणम्‌ । दशविस्तुतिक्ृत्तान्तयंत्र ज्या षश्मिता सखे। 
तत्र षु वद बाणाज्जां ज्याबाणाभ्याच विस्ततिम्‌ ॥ २०८॥ 


ककनी 
न्यासः । ६ । योगः। २६ । 
UF wat) ४ । घातः 


<=> । ६४ | 
J ८ । एतदूनो व्यास; २ । दलितः। १ । जातः 
शरः। १ । 


व्यासात्‌। १० | शरोनात्‌ । 2 । ग्रर। १ । सङ्गणात्‌। 
ei सूलम्‌। २ । दिनिघ्‌ जाता जोवा। ६ । 


एव' ज्ञाताभ्यां ज्याबाणाभ्यां ब्यासानयनं यथा। star | 
६। चे) ३ । वगे ।८। शर | १। भक्षक । ८ । शर। १ 
युक्त जातो व्यास; । १० | 


अथ तत्तान्तखाखादिनवास्रान्तचेवाणां थुजमानानयनाय 


लोलावतो | aR 
करणसूत्र वत्तत्रयम्‌ । बिह्यङ्वाग्निनभघन्ट्रे ( १०३८२३ ) 
स्त्रिबाणाट्युगाष्रभिः ( ८४८४३ )। वेदाग्निबवाणखाश्वेश (७०५ 
२४ ) GENINI: ( ६००००) क्रमात्‌॥ वाणेषुतखबाणे्च 
(५२०५५ ) दिदिनन्देषुसागरेः ( ४५८२२) । कुरामदशवेदेख 
( ४१०३१ ) waa eared ॥ खखखाभ्राक ( १२०००० ) 
समभक्त लभ्यन्ते क्रमशो भुजाः । दत्तान्तस्त्यस्तपूवोणं नवास्नान्तं 


पृथक्‌ VAR ॥ २०९-२११ ॥ 


उदाइरणम्‌। सहइस्रदितयब्यासं यदत्त तस्य मध्यतः। समबा- 


स्रादिकानां मे भुजान वद एथक पथक्‌ ॥ २१२ ॥ 


अथ ब्रत्तान्तस्तरिभुजे भुजमानानयनाय 


व्यासः | २००० | 

विद्दाङ्काग्निनभसन्द्र: 
१०३८.२३ ¦ 

गुणितः 

| २०७८३४६००० | 


न्यास; 


GAETA | १२०००० | भक्तो aa तासे भुजमानम्‌ 


१७३२ 
जै 


ay लोलावता | 


धत्तान्तवतुभु जे सुजमानानयनाय 


ब्यास; | २००० । त्रिबाणा- 
छयुगाष्टभि: । ८४८५३ | 
गुण्ति । १६८७०६००० | 
खखखाभ्याके: | १२००० | 


द 
त्तान्त:पच्चभुजे भुजमानानयनाय 


व्यास; | १००० | वैदार्नि 
बाणखाश्वेः । ७०५३४ । 
गुणितः। १४१०६८०००॥ 
खखखाभ्वाके; ।१२००००। 


न्यास, 


अक्ष Wa पञ्चारे भुजमानम्‌ ११७ 


30) 
२० 


व्वत्तान्त,षड्भुजे सुजमानानयनाय 


ब्यास; । २००० । खखा- 
IMATA: | ६०००० | गुणितः 
॥ १२००००००० ॥ aa- 
स्राकेः। १२००० । भक्त 


aa षडस्रे सुजसानम्‌ | १०००० | 


लोलाबतो । ay 


बचत्तान्त:सप्तभुजे भुजसानानयनाय. 


व्यास: । २००० । 
बाणेषुनखबारेः । 
५२०५४५! गुणितः i 
| १०४१९१०००० | 
BACs: | 


र्‌ २ ०००० । मंदा 
aad सप्तार्स 


सुजमानम्‌ ८६७ 


~| 
AO 


EMAA सुजमानानयनाय 


व्यासः । २००० । 
दिहिनन्देषुसागरेः । 
४५८२२ । गुणितः | 
€ १८४४००० |. WE 
WMATA |: १२०००० | 
भक्ते लब्घमद्टास्‌ 


भुजमानम्‌ ७६५ 


35 


ce लोलावतो । 


बत्तान्तनंवभुजे भुजमानानयनाय 


व्यासः । २००० । कुरामदशबेदे; | ४१०३१ । गुणितः । 


८२०६२००० | खखखभ्वाके । १२०००० | भक्त लब्ध 
नवास | 
मुजमानम्‌ ६८३ 
3s 


एवमिध्व्यासादेभ्यो5न्या अपि जोवाः सिद्दान्तोति तास्तु गोले 
च्योत्पत्तो TT । 


अथ स्थ लजोवाज्ञानाथे लघुक्रियया AME तत्तम्‌ । चापो- 
ननिघुपररिधः प्रथमाइयः स्यात्‌ पञ्चहतः परिधिवर्गचतुथभागः | 
आद्योनितेन खलु तेन भजैच्चतुघुंव्यासाइतं प्रधममाप्तमिद्ध ज्यका 
QAN २१३ N 


उदाहरणम्‌ । अरष्टादशांशेन ad: समानमेकादि निधन च 


लोलावती । <७ 


जोवां ५ a fa 5 
यत्न चापम्‌। एथक्‌ एथक तब वदाश जोवां खाक fad व्यासदलञ्च 
यव ॥ २१४ N 


aa २४०। wa किलाङ्कलाघवाय विंशतेः सार्डाक wat- 
nafaa: सच्मपरिधिः। ७५४ । अ्रस्याष्टादशांशः । ४२। 
अत्राप्यङ्कलाचवाय इयोरष्टादशांशयुतो ग्टहोतः। अनेन एथक 
एथगेकादिगुणितेन qa धनुषि कल्पिते च्याः साध्याः | 


अधवा$त्र सुखाथं परिधेरष्टादशांशेन परिधिं घनूषि चापवच्त्य 
च्याः साास्तथाऽपि ता एव भवन्ति । 


अपवत्ति ते न्यासः । परिधिः । १८ । चापानि च। १ । 
। २ | ३। ४ | ५। ६ । ७ । ८। ८ । यथोक्तकरणेन 
लब्धा जोबाः । ४२ । ८२ । १२० । १४४ । LSB । २०८ 
। २२६ । २२६ | २४० | 


at लोलावतो | 


अथ चापानयनाय करणमुत्रं छत्तम्‌। व्यासाखिघातयुतमो- 
flan विभल्लो Angu गुणितः परिघेस्तु वर्गः। लब्धोनि- 
तात्परिधिवगचतुथभागादाप्ते पदे हतिदलातू पतिते धनुः स्यात्‌ 
॥ २१४ ॥ 


उदाहरणम्‌ । विहिता दह ये गुणास्ततो वद्‌ तेषा मधुना 


घनुर्मितिमू। यदि तेऽस्ति घनुर्ण णक्रियागणिते गाणितिकातिने- 
एणम्‌ ॥ २१६ N 


न्यासः । ४२ । ८२ । १२० । १५४ । १८४ । २०८ । 
। २२६।२३६। २४० | स एवापवत्तितपरिधिः। ect 


जोवाहिणा | पञ्चभिः। ५ a परिधेः । १८। वर्गों 
| ३२४ । गुणितः | १७०११ | व्यासा-। २४० । fI 8 | 
घात। ०६०। युतमौविकयानया । १००२ । विभक्तो लब्धः | 
। १७। अत्नाङ्कलाघवाय चतुवि शतेइं्रधिकसहसाँशयुतो ग्य्होतो५ने- 
नोनितात्परिधि । १८ । वर्ग) ३२४। चयुथभागात्‌। ६४ | 
पदे ma) ८ क्वति। १८ | दलात्‌ al पतिते i १ । 
जातं धनुः। एवं जातानि धनूषि। १। २।२३।४।१५। 
। ६। ७ । ८ । l एतानि परिघेरष्टादशांशेन गुखितानि 
स्युः । 

इति चेवब्ययहार; | 


Atata | Ge. 
[ सप्तमोऽध्यायः । | 


अथ खातब्यवहारे aaa arial! गणयित्वा विस्तारं 
agy स्थानेषु तद्युतिर्भाज्या । स्थानकमित्या सर्मामतिरेवं देध्य 
च वेधे च॥ wand Juyi खाते घनहस्तसह्या स्यात्‌ ॥ 
२१७-२१८ ॥ 

उदाहरणम्‌ । भुजवक्रतया sa दशेशाकंकरेमितम्‌ । fay 
स्थानेषु षट पञ्चसक्षहस्ता च fafa, यस्य खातस्य वेंधोऽपि 
दिचतुखिकरः सखे । तत्र खाते कियन्तः स्युर्धनद्दस्ता. प्रचच्छ 
AW २१८-२२० ॥ 


अच समसितिकरणन विस्तारे इस्ताः। ६ । Se । ११ । 
बेधे 2 | 
तत्‌ च्षेत्रद्शनं यथा 


न्यास. ७. =a: 


&° लोलावतो । 
GUAR लब्धा घनहस्तसड्या | १८८। 
खातान्तरे करणसूत्रं साइंदत्तम्‌। मुखजतलजतढ्युतिजच्तेत- 
` ® ® ~ ° EOS a 2 
फलक्य हृत षड भि: चेत्रफलं सममेतद्देधगुणं घनफलं स्पष्टम्‌ । 
सम खातफलत्र॑गशः सूचो खाते फलं भवति ॥ २२१ ॥ 


उदाइरणम्‌। सुखे दशद्दादशइस्ततुल्यं विस्तारदेष्येन्तु तले 
Q ~ ~ 
तढ्दम्‌ । यस्याः सखे anew वेधः का खातसङ्घप्रा ae aa 


वाप्याम्‌ ॥ २२२ ॥ 


मुखजं JARTA | १२० | 


१० तलजम्‌ । ३० । तद्युतिजम्‌ | 
| २७०। एपामेकाम्‌ । ४२० । 


षड भि; । & । Ba जातं समफलम्‌। ७० । वेध। ७। इतं जातं 


खातफलं घनहस्ताः। ४८० | 


द्वितोयोदाहरणम्‌ । खातेऽथ तिग्मकरतुल्यचतुभुजे च किं 
स्यात्‌ फलं नवमितः किल यत्र वेधः। दत्त तथेव दशविस्तुतिपञ्च- 


वेदे सूचोफलं वद तयोश्च एथक्‌ TAS ॥ २२२॥ ` 


लोलावतो | 


a सुज: । १२ । वेधः । ८. | 
E , P 
क ह जातं यधोज्नकरणेन - 
न्यासः (२१ समखात १२ ह न खात 
फलं घनहस्ता; । १२८६ । 
त्र -सूचोफलम्‌ । ४३२। 
छत्तखातदशेनाय 
०१०७ ब्यास: १० । वेधः 
न्यासः >>. अत्र सूच्मपरिधिः 
3६२७ 
TRY 
सूच्मचेत्रफलम्‌ 
३६२७ 


वेघगुंणं ` जातं सूच्मलातफलम्‌ ४१० सूच्असूचोफलम्‌ 


२७५० 


यद्दा स्थ,लखातफलम्‌ २९४१ सूचोफलं स्थूलं वा रहे 


इति खातब्यवहारः । 


८२ लोलावती | 
[ अष्टमोऽधयायः । | 


चितौ करणसूत्रं साडंवत्तम्‌ sgan गुणत चितेः किल 
चेत्रसम्भवफल धनं भवेत्‌। इशष्टिकाघनहते घने चितेरिष्टिकार्पारः 
fafaa लभ्यते । इष्टिकोच्छयऋह्नदुच्छितिश्विते: स्यस्तराख दृषदां 
चितेरपि॥ २२४-२२५ ॥ 


उदाहरणम्‌ | अष्टादशाङ्गल cel विस्तारो द्ादशाइल: | 
उच्छितित्त्यिक्कला यासामिष्टिकास्तास्ितो किल॥ afafa: 
पच्चकराष्ट्हस्तं cal च यस्यां त्रिकरोच्छितिञ्च। तस्यां चितौ किं 
फलमिष्टिकानां ce च का ब्रूहि कतिस्तराच ॥ २२६-२२७ ॥ 


न्यास, 


दिकाया घनइस्तमानम्‌ & चित: चे्रफल' | ४० । 
उच्छ्रयेण गुणितं चितेघंनफलम्‌ । १२० | wan इष्टिकासङ्कया। 


२५६० । स्तरसड्ञशा । २४ । एवं पाषाणचयेऽपि | 
sfa चितिब्यवारः। 


लोलावतो । eR 


[ नवमोऽधग्रायः । | 


अथ क्रकचब्यवहारे करणसूत्रं घत्तम्‌। पिण्डयोगदलमग्र- 
मूलयोः देव्यंसङ्गणितमङ्ग,लात्मकम्‌। दारु दारणपथेः समाइतं 
बट स्वरेषु विहतं करात्मकम्‌ ॥ २२८ N 


उदाहरणम्‌ | मुले नखाङ्ग,लमितोऽथ नृपाङ्ग,लोऽग्रे पिण्डः 

afaa aÑ ~ ९ fai 

शताडू र्‌ किल यस्य देष्येम्‌ । तहारुदारणषथेषु चतुष किं 
स्याइस्तात्मकं वद सखे गणितं ट्रुतं मे ॥ २२८ ॥ 


न्यास; 


क्राक्यं दा स बिषसम्‌ 
é oo 


पिण्डयोगदल' । १८ । देघ्येण | १०० । सङ्ग णितं | १८०० | 
दारुदारणपथे: । ४ । गुणितम्‌। ७२०० । षट खरेषु । ५७६ । 
faza जातं करात्मकं गणितम्‌ ₹ 


क्रकचान्तरे करणसूत्रं साईद्वत्तम्‌ । छिद्यते तु यदि faa- 
वत्पिण्डविस्तृतिहतेः फल तदा ॥ २३० ॥ 


दृष्टिकाचितिट्टपच्चितिखातक्राकचव्यवद्वतो खलु मूख्यम्‌ NA- 
कारजनसम्पतिपत्या va दुत्वकठिनत्ववशिन ॥ २३१ ॥ 


८४ लोलावतो 


उदाहरणम्‌ । यहिस्तु तिदन्तमिताङ्ग लानि पिण्डस्तथा षोडश 
यत्र ae! Sey तिय्यंङ्गवसु प्रचच्च किं स्यात्‌ फल' तत्र करात्मकं 
मे॥ २३२॥ 


शक 7 हि विस्तारः | ३३ । 


क्रक ay हैत मम्‌ 


न्यासः (& पिण्ड; | १६ | 


श्र 


पिण्डविस्तृतिइतिः। ५१२ । दारुदारणमार्ग-। ० । घा। 
४६०८। ARY) you! fagi जातं फल' इस्ताः। ८। 


इति क्रकचब्यवद्दार; | 


[ दशमोऽध्यायः । | 


अथ राशिब्यवहारे {करणसूत्र' wa) अनणषु दशमांशोऽणुष्व- 
थेकादशांशः परिधिनवमभागः शूकधान्येषु वेधः। भवति परिधिषष्ठे 
वर्गिते वेधनिष्ठे घनगणितकराः। स्युर्मागधास्ताय खाय्येः ॥ २२२॥ 


उदाइरणम्‌ । समभुवि किल :राशिर्यः स्थितः ख लघान्य; 


परिधिपरिमितिः स्याइस्तर्षा्टियदोया । प्रवद गणक MA: 
fatam: सन्ति तस्मिन्नथ एथगणधान्येः शूकधान्ये्च शीघ्रम्‌ ॥ 


२३४ N 


लोलावतो । ०५ 
अथ स्थुलधान्यराशिमानावबोधनाय 
परिधि; । ६० । वेध:। ६। 
| Ufa: षड्ांशः । १० | 
afia: | १०० । धेधनिघुः 
लब्धाः WA | ६०० | 


अथा णधान्यराशिसानानयनाय 


E ६० 
02 परिधि: । ६० | 9 
न्यासः /अथशुधान्यराशि: its neal 
बेघः जात फलम्‌ ५०५ 
९१ a 


अथ शूकधान्यराशिमानानयनाय 


न्यास. 


अथ भित्तप्रन्तर्वाद्यमोणसंलग्नराशिप्रमाणानयनकरणसूत्र' दत्तम्‌ । 


८६ लोलावतो । 


दिवेदसत्रिभागेकनिधात्त परिधेः फलम्‌ । मिद्यन्तर्वाहाक Re 
राशेः स्वगुणभाजितम्‌ ॥ २३५ ॥ 


उदाहरणम्‌ । परिधिभित्तिलग्नस्य राशेस्त्रिंशत्करः किल । 
भ्रन्तःकोणस्पितस्यापि तिथितुल्धकरः सखे ॥ वहिः कोणस्थितस्यापि 
पञ्चघुनवसम्मितः । तेषामाचच्च मे चिप्र घनहस्तान्‌ एथक एथक ॥ 


२३६-२२७ ॥ 


अत्रापि स्थ लादिधान्यानां राशिमानावबोधनाय स्पष्टं AATA i 


तत्नादावनणधान्यराशिमानबोधक TAF | 


z 

2. OY 
Shs HTT राणः) 

न्यासः ACOA aa aE: 


अत्ाद्यस्य परिधिः। ३०। RAJTI ६० । अन्ध-। १५ । 
खतुग्नः । ६० । mut! ४५ । सत्रिभागेक- £ निघः । ६० | 
एषां वेध: । ६ । एभ्यः फलं तुस्थमेतावन्त्य एव खाय्यः। ६०० | 
एतत्‌ BATU भक्त जातं एथक्‌ एथक्‌ फलम्‌ । ३०० । १४० | 


४५० | 


लोलावतो । ८७ 


अथाणधान्यराशिमानानयनाय 


न्यास, 


ATG UUM: 


पूर्ववत्‌ चेत्रत्रयाणां खगुणगुणितपरिधि; । ६० । वेधः K फलानि 
२७२ KIG ४०८ 


ष 


3 2 
Ww Ue TE 


अध शूकधान्यराशिमानानयनाय 


न्यास, 


अत्नापि पूर्ववत्‌ चषेत्रत्रयाणां खगुणगुणितः परिधिः । ६० । 
वेधः ‡ फलानि ३३३ १६६ । ५००। 


डूति राशिब्यबहार; समाप्त: | 


re फो 


ध्द लोलावतो | 


[ एकादशो$धाय: । | 


अथ छायाब्यवहारे करणसूत्र' AAA! छाययोः कण्योरन्तर ये 
तयोवेगेविश्व षभक्कारसाद्रोषवः। सैकलब्धे पदघन्तु कर्णान्तरं भान्त- 
रेणोनयुक्त दले स्त: प्रभे ॥ २३२८ ॥ 


उदाहरणम्‌ | नन्दचन्द्रे मित॑ छाययोरन्तरं कणयोरन्तरं विश्व- 
तुल्यं ययोः। ते प्रमे वक्ति योयुक्तिमान्‌ बेच्यसो व्यक्तमव्यक्तयुक्त हि 
मन्येऽखिलम्‌ ॥ २३२८ N 


छ्ायान्तरम्‌। १८ । कणान्तरम्‌ । १३ । अनयोवर्गान्तरेण | 
१८२ । भक्तारसाद्रोषवः | ५७६ | लब्चम्‌ । ३ । सेकस्यास्य । 
४। सूलम्‌। २। अनेन कर्णान्तरं। १३ । गुणितम्‌। २६ ! 
RUA १६। सान्तरेण। १८। ऊनयुते। ७। ४५ । aes 
aa ma ३ ४ ततकत्योर्योगपदमित्यादिना जातो कर्णी 


२५ ५१ 
R २ 


लोलावतो । ee 
छायान्तरे करणयूत्र' बत्तादेम्‌ । WH: प्रटोपतलग्रङ्ख तलान्त रघु- 
ज्काया सबैदिनरदो पश्रिखोचाभत्ता; ॥ २४० ॥ 


उदाइरणम्‌। शङ्क प्रदोपान्त रभूस्विहस्ता दोपोच्छितिः s- 
करत्रया चेत्‌। शकङ्वोस्तटाकाङ्गलस स्मितस्य तस्य प्रभा स्यात्कियतो 
AST ॥ २५१ ॥ 


न्यास, 


शङ्गः ३ प्रदोपशङ्ख,तलान्तरम्‌। ३ । अनयोर्घातः ३ विनर- 
दोपशिखोद्यान । ३। भक्तो लब्धानि gray aif १२। 


अथ दोपोच्छित्यानयनाय करणसूत्र' घत्ताडम्‌ । छायाइते तु 
नरदोपतलान्तरघे शङ्को भवेत्ररयुते खलु दोपकोचाम्‌ ॥ २४२ ॥ 


उदाहरणम्‌ । प्रदोपशङ्कन्तरभुस्विहस्ता छायाङ्गलेः षोडशभिः 
समा चेत्‌। दोपोच्छितिः स्यात्‌ कियतो वदाश प्रदोषशडक्कन्तर- 


gaai मे ॥ 82 ॥ 


Yoo लोलावतो । 


न्यास, 


w छया 


शङ्कः। १२। छायाङ्गलानि। १६ । शङ्कप्रदौपान्तरहस्ता; । 


aa दोरकोच्चा इस्ता: ७ 


प्रदोपशडक न्तरभूमानानयनाय करणसूचं Fae faa 


ATS UT भा META दोपनरान्तरं स्यात्‌ ॥ २४४ ॥ 


उदाइरणम्‌। पूर्वोक्त एव दोपोच्छायः ५ ङ्कङ्गलानि। १२ | 


काया । १६। AAT शङ्क प्रदोपान्तरहस्ताः। ३। 


कायाप्रदोपान्तरदो पोच्रानयनाय करणसूत्रं साइब्बत्तम्‌। छाया- 
ग्रयोरन्तरसङ्गणाभा छायाप्रमाणान्तरहइड्रबेडूः । भूशइघातः प्रभया 
विभक्त: प्रजायते दोपशिखोच्चप्रमेवम्‌। चेराशिकेनेव aaga व्याप्तं 
स्वभेदेईहरिणेव विश्वम्‌ ॥ २४५ ॥ 

उदाहरणम्‌ । गरक्कोभाकमिताङ्ग,लस्य सुमते दृष्टा किलाष्टाइला 


छायाग्राभिसुखे करदयमिते न्यस्तस्य टेशे पुनः। तस्थेवाकमिता- 


लोलावतो । १०१ 
ga यदि तदा छायाप्रदोपान्तरं दौपौञ्चञ्च कियद्दद aefa 
कायाभिधां वेत्सि चेत्‌ ॥ २४६ N 


न्यास, 


अब छायाय्रयोरन्तरमङ्ग,नाव्मकस्‌। ५२। BAAS VR 
अनयोराद्या | ८ । इयमनेन । ५२ | गुणिता । ४१६ । छायाप्रमाणा- 
न्तरेण। ४। AMAA भूमानम्‌। १०४ । इदं प्रथमच्छायाग्रदो- 
पतलयोरन्त रमित्यर्थ, | एवं दितोयच्छायाग्रमानम्‌ । १५६ । 


भूशङ्कघातः प्रभया विभक्तडति जातसुभयतोऽपि दौपौच्चग सममेव 
इस्ताः ६ 


१ 


R 


एवमित्यत्र छायाव्यवहारे चेराशिककल्पनयानयनं aaa तद्यथा । 
प्रथमच्छायातोदितोयच्छाया यावताधिका तावता छायावयतैन 
यदि छायाग्रान्तरतुल्थाभुलभ्यते तदा प्रथमच्छायया किमिति एवं 


१०२ लोलावतो । 


TUR एथक्‌ छायाप्रदोपतलान्तरप्रमाणं लभ्यते। ततो दितोयं 
वेराशिकम्‌। यदि छायातुलेग भुजे we: कोटिस्तदा भूतुलेग भुजे 
किमिति लब दोपकोच्चामुभयतोऽपि gaal एवं पञ्चराशिकाटि- 
कमखिलं बे राशिककल्पनयेव सिडन्‌ । यथा भगवता आ्रोनारायणेन 
जननमरणक्क शापहारिणा निखिलजगज्जननेकबोजेन सकलभुवन- 
भावनेन गिरिसरित्सुरनरासुरादिभिः स्त्भेदेरिदं aina 
तधेदमखिलं गणितजात' चे राशिकेन व्याप्तं यद्येवं azgefi: 
किसिसित्याशद्ध्याइ | 


यत्किञ्चिहुणभागहारविधिना वोजेऽत्र वा गण्यते तचेराशिकमेव 
नि्मलधियामेवावगम्यं विदाम्‌ । एतद्‌ यददहुधास्म दादिजड़धोधो 
ean बुधैस्तद्भेदान्‌ सुगमान्विधाय रचित प्राज्ञः प्रकीर्णादि 
कम्‌ ॥ २४७॥ 


दूति छायाधिकारः। 


[ द्दाढ्शोष्धायः। ] 


अथ कुट्टके करणसू TATA | भाज्योहारः चेपकस्षापवत्तः 
केनाप्यादो सम्भवे कुष्टकार्थम्‌। येन feat भाज्यहारों न तेन 
चेपय तदृष्मुद्ष्टमिव ॥ २४८॥ 


१ सकलभुवनभवर्न इति पाठान्तरस्‌ । 


लोलावतो | १०३ 
परस्परं भाजितयोयेयोय; शेषस्तयोः स्यादपवत्त नं wy) तेनाप- 


वत्तन विभाजितो यो तो भाज्यहारो ZERA: ॥ २४० ॥ 


मिथोभजेतो हृढ़भाज्य हारो यावद्दिभाज्ये भवतोह रूपम्‌ । फला- 


न्यघोऽधस्त दधोनिवश्यः चेपस्त तः शून्यसुपान्तिमेन ॥ २५०॥ 


< 


aie viata युते aed त्यजेन्म हः स्यादिति राशियुग्मम्‌ । 


sal विभाज्येन Ea तष्ट: फलं गुणः स्यादघरो हरेण ॥ २५१॥ 


एवं तदेवात्र यदा समास्ताः QAAE हिषमास्तदानोम्‌। AZI- 


गतो लब्धिगुणो विशोध्यो स्बतक्षण च्छंषमितो तु तोस्त; ॥ २५२॥ 


उदाहरणम्‌ | एकविंशतियुतं शतद्दयं यद्गुणं गणक पञ्चषष्टियुक | 


पञ्चवजिंतशतद्योडुतं SRA A गुणक वदाशु तम्‌ ॥ २५२ ॥ 


न्यासः। भाज्य! । २२१। हार;। geyl चेपः। ६५। Wa 
परस्परभाजितयोर्माज्यभाजकयोः शेषम्‌ । १२। अनेन भाज्यहारक्षेपा 
अपवत्तिता जाता wer) १७। हारः। क्षेप। ५ । अनयोः 


ड्‌ ;भाज्य हारयोः परस्परभक्तयोलेव्या व्यघोऽघस्त दध: चेपस्तदधः शून्य: 


१०४ नोलावतो | 
निवेश्यमिति we जाता वल्लो १ उपान्तिमेन सोड 


$ 


प 


o 
हते इत्यादिकरणेन जातं राशिदयम्‌ ४० एतो egam- 
३५ 
हाराभ्यां १७ तष्टो aag जातो। ६ ५ । इष्टाहत- 


१५ 
gazt युक्त इति वच्यमाणविधिनेताविष्टगुणतस्बतक्षणयुक्तौ वा 


लख्िगुणो। २३। २० । इहिकेनेप्टेन वा। ४०।२५। इत्यादि । 
कुट्टकान्तरे करणसूच' घत्तम्‌। भवति कुट्टविधेयुतिभाज्ययो: 
समपवत्ति तयोरपि वा गुण; । भवति यो युतिभाजकयोः पुनः स च 
भवेदपवत्त नसू ण: ॥ २५४ ॥ 
उदाहरणम्‌ | शतं हतं येन युतं नवत्या विवर्जितः वा faea 
विषव्या । निरग्रकं ares मे गुणं त ae पटोयान्‌ यदि 
FEASSA ॥ २५५ ॥ 


न्यासः। भाज्यः। १०० । हार; | ६३ । चेपः। col जाता 
पूवबल्लख्िक्षेपाणां 
बल्ली १ 


लोलावतो | १०५ 
उपान्तिमेब aie इतेऽश्येन युत इत्यादिकरणन जातं राशिद्दयम्‌ 
२४३० STAY पूर्ववहश्बिगुणो । ३० । १८ | 
RAR 


अथवा भाज्यचेपौ दशभिरपवत्त्र भाज्यः। १० । केप: ¦ 
०। परस्परभजनाल्लभानि फलानि ad gans निविश्य 
जाता 


वल्लो 


[> A A» 


giaa गुण! syo अब लग्न ग्राह्मा। यतो wat 
विषमा जाला अतो गुण । ४५ | स्वतक्षणादस्माद्‌ । ६३ | 
विशोधिते जातो गुणः स wal २८ । गुणघाभाज्ये Auge 
हरतष्टे wierd; ३० | 


अथवा MAÑ । ६३। ८० | मवभिरपवत्तितो जातो 
हारचेपो © । १० । अत्र लक्ष्क्ष पाणां 
बच्चो १४ 
र्‌ 
to 


wal गुणः। २ | च पहारापवत्तन: । द । गुणितों जातः 
१४ 


१०६ लोलावतो । 


स एव गुणः। १८ । भाज्य-। १०० | भाजक-। ६२ । क्षेपेभ्यो 
। ८० । aA । ३० । 


अथवा भाज्यक्ष पौ FARA पो चापवत्ति तो जातो भाज्यहारो । 
१०॥ ७ । क्षेप:। १ । अब पूर्ववज्जाता 
बल्लो १ 
२ 
१ 


° 


गुणञ्च । २। हारक पापवत्त नेन गुणितो जात: स एव गुणः। १८। 
gaara | २० । इष्टाइतखस्बईरेण ga इत्यादिनाथवा गुण- 
लब्धो । ८१। १३०। इत्यादि । 

कुट्टकान्तरे करणसूत्र घत्तादेम्‌। MA aang? गुणाप्तो 
स्तो वियोगजे ॥ २५६॥ 

अच पूर्वोदाहरण नवतिक्षेपे यी लख्धिगुणी जातो । ३० । १८। 
एतो खतक्षणाभ्यामाभ्यां १००। ६३। शोघितो मे शेषके ahaa 
लब्धिगुणों नवतिशोधने ज्ञातब्यो । ७० । ४५ । एतयोरपि इद्टाहत- 
ख्रस्रतक्षणं चप इति लब्धिगुणो। १७० । १०८। अथवा | २७० | 
१७१ | इत्यादि | | 


हितोयोदाहरणम्‌ । यहुणा गणक षष्टिरन्विता बजिता च 
दशमिः षडुत्तरे: | स्यात्तयोदशदृला निरग्रका तहुएं कथय मे एथक्‌ 
TAF I RW ॥ 


लोलावतो | १०७ 


[ss 


न्यासः | भाज्यः। ६० । हारः । १३ | चेपः। १६ । 
प्राग्वज्जाता वल्लो ४ 
१ 


र्‌ 

१ 

१ 

१६ 
तथा जाते गुणाप्नी । २ । द । अत्रापि लब्धयो विषमाः । 
अतो गुणाप्तो ख्रतक्षणाभ्यां। १३। ६० । शोधिते जाते। ११ । 


५२ | एवं Ng एतो एव लख्बिगुणो । ५२ । ११ । 
स्वस्बहराभ्यां शोधितौ जातो षोड़शविशुद्धो २। ८। 


FEAT AME META) waa समं ग्राह्य 
धोमता wat फलम्‌। इरतष्टे घनचेपे yeaa तु पूर्ववत्‌ । 
चेपतच्षणलाभाब्या afar: get तु वजिता ॥ २५८॥ 


उदाहरणम्‌ । येन सक्कणिता: पञ्च त्रयोविंशतिसंयुताः। aa 
वा fafintan निरग्राः स्युः स को गुणः॥ २५८ ॥ 


न्यासः। भाज्यः। ५ | BTL ३ । चेषः । २३ । wa 
वल्लो १ 
१ 
२२ 


Q 


१०८ लोलावतो । 


qaqa राशिदयम्‌ ४६ एतो भाञ्यष्दाराभ्यां तरी । 
२३ 


अताधोराशी । २३ । विभिस्तष्टे सप लभ्यन्ते weet ४६ । 
पश्चभिस्तष्ट नव लभ्यन्ते तव नव न CUTE: TIAN समं ग्राह्यं 
घोमता aa फलमिति अतः सपं व ग्राह्याः । एबं जाते गुणापतो | 
२। ११ । Fast तक्षणाच्छदे इति त्रयोबिंगतिशुद्दो जाता विपरीत- 
शोधनादवशिष्टा लख्धिः | ६। शद्दी जाते। १। ६। 


इष्टाहतस्वस्बहरेण युक्ते इति वच्यमाणविधिना धनणयोरन्तरमेव 
योगः इति वोजोक्ष्या च इष्टगुणितस्हारचेपणिन यथा gaanar 
स्यादिति तथा छते जातै गुणापतो। ७। ४ । एवं waa! 


अथवा इरतष्टे धनचेपे इति 


न्यासः! भाज्य; । BT ३ ! चेषः। २ । 


पूर्ववव्जाते गुणापतौ । २। ४ । एते खखहाराभ्यां शोधिते 
fanfas जाते। १ । १ | चेपतच्षणलाभाव्या लञ्भिरिति जाती 
Tui लब्धिगुणो ११ । २। Wa तु वजितेति west भवतः 
aa we न भवति तस्भादिपरोतशोधनेन ऋणलब्धिः। ६ | 
गुणः। १ । wea दिगुण wet faut सति जाते। 


॥ ७ ४ । 


लोलावतो । १०८. 

gema करणसूत्रं awai च पाभावो$थवा यत्र Ju: 

शददोइरोडुत: | Aa शून्यं गुणस्तत्र AN हारहतः फलम्‌ ॥ 
२६०॥ 


उदाहरणम्‌ । येन पञ्च gfe: खसंयुताः पच्चर्षाटसहिता् 
iat! स्य॒स्त्रयं दशहतानिरग्रकास्त॑ gt गणक कोत्त याशु 
मे॥२६१॥ 


न्यास: । भाज्य; । ५ | हारः। १९। चेपः। ० | Ta: शुन्य 
गुणस्तत्र क्ष पोहारषृतः फलमिति चपाभावै गुणापतो। ० । ० । 
दृष्टाइतत्यथवा) १३। ५।वा। २६। १० | 


Ta. |) भाज्य, | ५ | हार; १३। @U: | ६५ ॥। 


क्ष प: शदो हरोडतः ज्ञ यः शून्ध' गुणस्तत्र क्ष पोहारहृतः फल- 
fafa जाते yql ० । ५।वा। १३ । १० । अथवा । २६ | 
ay | इत्यादि | 


अध सवेत FER गुशलब्धप्रोरनेकधा ZNAN ATTA ENGH | 
दृष्टहतखस्वहरण Ya ते वा भवेतां बहुधा गुणापतों ॥ २६२ ॥ 
अस्योदाहरणानि दशितानि पूर्वेमिति | 


अथ स्थिरकुट््के करणसूत्र तत्तम्‌ । Wig रूपे यदि वा विशे 
स्यातां क्रमाद्‌ थे गुणकारलब्यो । अभोप सितक्ष पविशबिनिघे 


स्वहारतटे भवतस्तथोस्ते ॥ २६२ ॥ 


११० लोलावतो । 


प्रथमोटाहरण टढभाज्याहारयोः रूपच्चेपयोन्धास; भाग्न; । 
१७ | हार: १५। च्ञपः। १। 


अत्र गुणापतौ। ७। ८ । एते त्तिष्टचेपेण पक्षकेन गुणिते 
स्बहारनष्टे च जाते। ५। ६ । अथ Bayt गुणापतो। ८। ७ । 
तक्षणाच्क दो जातो लब्धिगुणी । 2 । ८। एते पञ्चगुणे quae 
च जाते। १० । ११। एबं waa 


अस्य॒ ग्रहगणिते उपयोगस्तदथं किञ्चिदुच्यते! wena 
शुद्विविकलावशिषः षष्टि्च wer कुदिनानि eel ast फलं 
्यूर्विकलागुणस्तु लिप ताग्रमस्मांध कलालवाग्रम्‌। एबं agi 
तथाधिमासावमाग्रकाभ्यां दिवसा रवोन्‌द्दो; ॥ २६४ ॥ 


ग्रहस्य विकलावशेषात्‌ ग्रहाहगंणयोरानयनं तद्यथा । तत्र 
auta: कुदिनानि हारः विकलावशेषं शडिरिति प्रकल्प्य- साध्ये 
गुणाप्‌तो । तत्र लव्धिबिकलाः स्य॒ गुं णस्तु कलावशेषम्‌ | 


एवं कलावशेष' शुददिस्तत षष्टिमाज्यः कुदिनानि हार; afar: 
कला गुणो भागशषम्‌ | 


भागशेष' शुद्धिः त्रि शङ्गाज्यः कुट्नानि हारः फलं भागाः गुणो- 
राशिशेषम्‌। 


लोलावतो | १११ 


एवं राशिशेषं शुद्धिः दादश भाज्य; कुदिनानि हारः फलं गत- 
राशयः गुणो भगणशेषम्‌। 


कल्पभगणोभाज्य: कुदिनानि हारः भगणशेषं शुद्धि कलं गत- 
भगणाः गुणोऽहगंणः स्यादिति । 


अस्योदाहरणानि तिप्रश्नाध्याये | 


एवं कल्पाधिमासाः भाज्य: रविदिनानि हारः अधिमासशेषं शुद्धि! 
फलं गताधिमासाः गुणो मतरविदिवसाः । 


एवं कल्पावमानि भाज्य! चन्द्रदिविसाहारः अवमंशेषं शुद्धि: फलं 
गतावमानि गुणोगतचान्द्रदिवसा इति । 


संश्विष्टकुट्के करणसू घत्तम्‌ । एको हरथ द्‌ गुणको विभिन्नौ 
तदा गुणेक्यं परिकलूप्य भाज्यम्‌ । aed क्रम उक्तवद्‌ यः 
संझ्लिष्टसंज्ञः WHET ॥ २६५ N 


उदाहरणम्‌ । कः पञ्चनिधो विजत faen सप्तावशेषोऽथ 
स एव राशिः। दशाहतः स्यादिह्नतस्त्रिषष्या चतुदंशाग्रो वद्‌ 
राशिमेनम्‌ ॥ २६६ N 


अत्र गुणेक्यं भाज्य: अग्नेक्यं शुद्धिरिति | 


न्यासः | भाज्य: । १५। हार: । ६२ | शुद्धि: । २१। पूववच्जातः 
शुद्दी गुणः। १४ । 
इति लीलावत्यां कुटकाध्याय: | 


११२ लोलावलो | 


[ बयोट्शो$ध्याय; । | 


अथ गणितपाशे निर्दिष्टाक्न: सङ्घगाया विभेदे करणसूच हत्तम्‌ । 
स्थानान्तमेकाद्चियाङ्वाघातः सङ्ग्राविभेदानियतेः eee: । 
अक्वो;ङसित्याङ्कसमासनिघः स्थानेषु युक्कीसितिसंयुतिः स्यात्‌ ॥ २६७ ॥ 


अतोहेशक: | दिकाष्ट काभ्यां द्विनवाष्टकेर्वा निरन्तरं इग्रादिन- 
वावसानेः । सह्याविभेदाः कति सम्भवन्ति सत्सहयकेक्यानि 
एथग्बदाशु ॥ २६८ N 


न्यासः। २ । ८ । अब स्थाने । स्थानान्तमेकादिचयाङ्कगयोः | 
।१।२। घातः। २ । एवं जातो सह्याभेटो। २। अथ स एव 
चातोऽङ्गसमास-। १० | निघु;। २० । अड्मित्यानया २ । 
भक्त: । १० | स्थानदयेयुक्नोजातं ASTHMA । ११० | 


डितोयोटाइरणे न्यासः। ३ । 2 । ८ । अत्रेकाट्चियाङ्कानाम्‌ | 
१।२।३। घातः। ६। एतावन्तः age) अथ स एव 
घात; । ६ । अइसमासा- । २० | हतः। १२० | अङ्कसित्या 
। २। भक्ताः! ४० । स्थानत्रये युक्तोजातं सङ्ग्रक्यम्‌ । Bese | 


SAMS न्यासः। २।२। ४ | ५। ६ । ७ । ८। al 
एवमव सइ्प्राभेदासत्वारिएत्सहस्राणि शतत्रयं विशतिथ | ४०३२० | 


सोलावतो | ११३ 
aging चतुत्रिशति निखर्वाणि तिषश्पिज्ञानि नवनवतिकोटयः 
नवनवतिलज्ञाणि पञ्चसप्ततिसङस्राण शतत्रयं पष्टिथ। २४६३- 


€.८.८८७४३६०॥। 


उदाइरणम्‌। पाशादुशाहिड्सरुककपालशूले: खद्दाङ्गशक्षि- 
शरचापयुतेभवन्ति | अन्योन्‍्यहस्तकलितेः कतिसूत्ति भेदाः शग्भो- 
इरेरिव गदारिसरोजशङ्के; ॥ २६८ ॥ 


न्यास: । स्यानानि। १० | जातासूत्तिमेदा: । २६२८८०० | एवं 
TI २४ | 


विशेषकरणसुत्रं घत्तम्‌ । यावतस्थानेषु JAFARY 
बृथक्‌ छते: । प्रागभेदाविद्धताभेदास्तत्सइय्रक्यक्ष पूर्ववत्‌ ॥ २७० ॥ 


अतोहेशकः | दिद्देशकभूपरिमिते: कतिसङ्घाकाः स्य स्तासां 
युति्च गणकाशु मम प्रचच्छ । श्रग्भोधिकुग्मिशरभूतशरेस्तथाई खेदः 
छुपाशमितियुक्तिविशारदोईइसि ॥ २७१ ॥ 


न्यासः ।२। २। १। १ । अत्र MATA २४। यावत्‌ 
स्थानेषु तुब्थाङ्का इत्यत्र प्रथमं तावत्‌ स्यानद्वये तुल्यो प्राग्वत्‌ स्थान 
इयाञ्जतो भेदी । २ । gaara area तुल्यो तत्राव्येवं भेदी । 


११४ लोलावतो। 
२ । Renal प्राग्मैदाः। २४ । भक्ता जाता मैदाः। ६। तद्यथा । 
२२११। २१२१। २११२। १२१२ । ११२२ । पूर्ववत्‌ MSTA | 


८८८२ | 


दितोयोदाहरणे न्यासः। ४। ८। ५। ५। ५। अत्रापि 
पूर्वेवङ्क टा; । १२०। स्यानत्रयोल्ममेदेः। ६। भक्ता जाताः। २० | 


तव्या 
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| ०८ 3 2 | 0 ए। ७८ | एफए (उ घृष्ठ । 


। ४ ४ ५ ४८ । ५ ८ ५ ५ ४ we बिंशति 


गथ सङ्घक्यञ्च। १ १८ ८«८प८प। 


अनियताइेरतुलेयय fake करणसत्र क्वत्ताद्ेम्‌ । स्थानान्त- 


मेकापचितान्तिमाङघातो$समाङ a मितिप्रभेदा; ॥ २७२ ॥ 


उदाहरणम्‌ । स्थानषट्कस्थितेरङ्ग रन्योन्ध खेन वज्जितेः । 
कति सह्ग्राविमेदाः स्यर्यंदि वेतूसि निगद्यताम्‌ ॥ २७३ ॥ 


लोलावतो | ११६ 
ग्रत्रान्तिसाङ्यो नव षट्स्थाने एकापचितान्यस्ता न्यासः। ८ | 
। ८ । ७ । ६ । ५।४। एषां घाते जाताः सहयभेदा:। 


Å ०४८० | 


अन्यत्‌ करणसूत्र' छत्तदयम्‌। fataagasfad निरेकस्थाना- 
न्तमेकापचितं foamy. रूपादिभिस्तन्निहतेः समाः थुःसङ्घप्रावि- 
मेदानियतेऽङ्योगे ॥ नवान्वितस्यानकसङ्घप्रकाया ऊनेऽष्कयोगै कथितं 
तु वेद्यम्‌ । सडाचिप्तसुज्ञ' थृताभयेन नान्तोऽस्ति यस्साहणिताणंवस्य ॥ 


२७४ ॥ 
उदाइरणम्‌। पञ्चस्थानस्थितेरङ्गेयद्यव्योगी त्रयोदश । कति मैदा 
भवेत्सड्या यदि वेतृसि निगद्यताम्‌ ॥ २७५ ॥ 


गताङ्ेक्यम्‌ । १३ । निरेकम्‌ । १२ । एतमिरै- 
कस्थानान्तमेकापचितमेकादिभिय भक्त जातम्‌ { ® $ ऽ 


एषां घाते: समाजाता; सङ्झप्रमेदाः। ४८४ | 


दति यौलौलावत्यामङ्पाश्नः | 


११६ लोलावती । 


न गुणो ae न कृतिन घन; एष्टस्तथापि दुष्टानाम्‌। गवित- 
गणकबडूनां स्यात्पातो;वश्यमड़पाशे;स्सिन्‌ ॥ २७६ ॥ 


येषां सुजातिगुणव्गविभूषिताज़ी ग्रुद्दाखिलव्यवद्धतिः खलु 
करटसक्ता । लोलावतोह सरसोक्तिसुदाहरन्तो तेषां सदेव ga- 


सम्पदुपेति afaq ॥ २७७ ॥ 
~ 


[ अष्टो व्याकरणानि षट्‌ च भिगजां व्याचष्ट ताः संहिताः षट्‌ 
तकान्‌ गणितानि नञ्च चतुरोवेदानधोते स्म यः। carat त्रितयं 
इयञ्च sae मोमांसयोरन्तरं सद्ब्रह्म कमगाधवोधमदिमा सोऽस्याः 
कविर्भास्करः ॥ ] 


इति सभास्कराचा्यविरचिते सिद्धान्स- 
शिरोमणों लोलावतोनामकः 
प्रथमः खण्डः सम्पूर्ण: ॥ 


